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(54) TiUe: BICYCLIC HETERO AROMATIC COMPOUNDS USEFUL AS LH AGONISTS 

(57) Abstract 

The invention relates to a 
bicyclic heteroaromatic derivative 
compound according to general 
formula (1), or a pharmaceulically 
acceptable salt thereof, wherein 
R» is NR^R6. 0R5, SR5 or R''; R^ 
and R^ are independently selected . . 

from H, (l-8C)alkyl, (2>8C)alkenyl. 
(2-8C)alkynyl, (3-8C)cycloalkyl, 

(2-7C)hcterocycloalkyl, alkyl(l-8C)carbonyl, (6-14C)aTylcart)onyl, (6-14C)aryl or (4-I3C)hcteroaryl. or R5 and R^ together are joined 
in a (2-7C)heterocycloalkyl ring; R"? is (3-8C)cycloalkyl, (2-7C)heterocycloa!kyl, (6-14C)aryl or (4-l3C)heteroaryl. R^ is (l-8C)alkyl. 
(2-8C)alkenyl, (2-8C)alkynyl. or (6-14C)aryl or (4-13C)heteroajyl, both optionally substituted with one or more substituents selected from 
(l-8C)alkyl, (l-8C)alkylthio. (l-8C)(di)alkylamino. (l-8C)alkoxy, (2-8C)alkenyl, or (2-8C)alkynyl; R3 is (l-8C)alkyl. (2-8C)alkenyl, 
(2-8C)alkynyl. (3-8C)cycloalkyl, (2-7C)heterocycloalkyl, or (6-14C)aryl or (4-13C)heteroaryl, both optionally substituted with one 
or moie substituents selected from (l-8C)alkyl, (l-8C)(di)alkylamino or (l-8C)alkoxy; X is S, O or N(R^); R^ is H, (l-8C)alkyl. 
(l-8C)alkylcarbonyl, (6-14C)arylcart>onyl or (6-14C)aryl(l-"8C)alkyl; Y is CH or N; Z is NH2 or OH; A is S, N(H). N(R9). O or a bond; 
R* can be selected from the same groups as described for R2 and B is N(H). O or a bond. The compounds of the invention have LH 
receptor activating activity and can be used in fenility regulating therapies. 
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BICYCLIC HETEROAROMATIC COMPOUNDS USEFUL AS LH AGONISTS 



The invention relates to compounds having glycoprotein hormone agonistic or 
antagonistic activity, in particular to compounds having Luteinizing Hormone (LH) 
5 agonistic activity. The invention fiirlhermore relates to byciclic heteroaromatic 
derivative compounds, to pharmaceutical compositions containing the same as well as to 
the use of these compounds in medical therapy, particularly for use as a control of 
fertility. 

10 Gonadotropins serve important functions in a variety of bodily functions including 

metabolism, temperature regulation and the reproductive process. The hypophyseal 
gonadotropin FSH for example plays a pivotal role in the stimulation of follicle 
development and maturation whereas LH induces ovulation (Sharp, R.M. Clin 
Endocrinol. 33:787-807, 1990; Dorrington and Armstrong, Recent Prog. Horm. Res. 

15 35:301-342,1979). Currently, LH is applied clinically, in combination with FSH, for 
ovarian stimulation i.e. ovarian hyperstimulation for in vitro fertilisation (IVF) and 
induction of ovulation in infertile anovulatory women (Insler, V., Int. J. Fertility 33:85- 
97, 1988, Navot and Rosenwaks, J. Vitro Fert. Embryo Transfer 5:3-13, 1988), as well 
as for male hypogonadism and male infertility. 

20 Gonadotropins act on specific gonadal cell types to initiate ovarian and testicular 

differentiation and steroidogenesis. The actions of these pituitary and placental 
homiones are mediated by specific plasma membrane receptors that are members of the 
large family of G-protein coupled receptors. They consist of a single polypeptide with 
seven transmembrane domains and are able to interact with the Gs protein, leading to the 

25 activation of adenyl cyclase. 

Gonadotropins destined for therapeutic purposes can be isolated from human urine 
sources and are of low purity (Morse et al, Amer. J. Reproduct. Immunol, and 
Microbiology 17:143. 1988). Alternatively, they can be prepared as recombinant 
30 gonadotropins. 

As with other therapeutic proteins, it is necessaiy to administer gonadotropins either 
subcutaneous or intra-muscular. It would be advantageous, however, to activate the 
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receptor with a small molecule that could be administered through e.g. the oral or 



transdermal route. 

The present invention describes the preparation of such low molecular weight 
hormone analogs that selectively activate one of the gonadotropin receptors. This should 
5 be considered as one of the major advantages of the present invention. 

Thus, the invention resides in bicyclic heteroaromatic derivatives according to 
general formula I, or a pharmaceutically acceptable salt thereof, 



R' is NR'rS 0R^ SR' or R^ preferably R' is R'; 

R' and R^ are independently selected from H, (l-8C)alkyl, (2-8C)alkenyl, (2-8C)alkynyl, 
(3-8C)cycloalkyI, (2-7C)heterocycloalk>'l, (l-8C)alkylcarbonyl, (6-14C)arylcarbonyl, (6- 
15 14C)aryl or (4-13C)heteroaryl, or R^ and R^ together are joined in a (2- 
7C)heterocycloalkyl ring; 

R' is (3-8C)cycloalkyl, (2-7C)heterocycloalkyl, (6-14C)aryl or (4-13C)heteroaryl; 
preferably R' is (6-14C)aryl or (4-13C)heteroaryU 

R^ is (l-8C)alkyl. (2-8C)alkenyl, (2.8C)alkynyl, or (6-14C)aryl or (4-13C)heteroaryl, 
20 both optionally substituted with one or more substituents selected from (l-8C)alkyl, (1- 

8C)alkylthio, (l-8C)(di)alkylamino, (l-8C)alkoxy, (2.8C)alkenyl, or (2-8C)alkynyl; 

R^ is (l-SOalkyl, (2-8C)alkenyl, (2-8C)alkynyl, (3-8C)cycloalkyl, (2- 

7C)heterocycloalkyl, or (6-14C)aryl or (4-13C)heteroaryl, both optionally substituted 

with one or more substituents selected from (l-8C)alkyl, (l-8C)(di)alkylamino or (1- 
25 8C)alkoxy; preferably R' is (l-8C)alkyl, more preferably (l-4C)alkyI, even more 

preferably R^ is isopropyl or tert-butyl; 

X is S, O or NCR''); 

R** is H, (l-8C)alkyl, (l-8C)alkylcarbonyl, (6- 1 4C)aiylcarbonyl or (6-14C)aryl(l- 
8C)alkyl; 

30 Y is CH or N, preferably Y is N; 
Z is NH2 or OH; 

A is S, N(H), NCR*), O or a bond and 

can be selected from the same groups as described for R and 




B-R 



Formula I 



10 



wherein 
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B is N(H), O, or a bond. 

The alkyl group, alkenyl group or alk}^}'! group, if present in and/or in the above 
mentioned formula may optionally be substituted with one or more substituents selected 
from hydroxyl, (6- 1 4C)aTyl, ( 1 -8C)alkoxy , ( 1 -8C)alkylcarbonyloxy, (6- 
5 14C)arylcarbonyloxy, (l-8C)alkoxycarbonyl, (6-14C)aryloxycarbonyl, (1- 
8C)alkylcarbonyl, (6-14C)arylcarbonyl, amine, (l-8C)alkylaminocarbonyl, (6- 
1 4C)arylaminocarbony 1, ( 1 -8C)alk>'lcarbonylamino, (6- 1 4C)ary Icarbonylamino, (6- 
14C)(di)ar>'lamino and/or ( 1 -8C)(di)alk>'lamino. 

If R^ is (6-14C)aryl or (4-13C)heteroaryl, aryl may optionally be substituted at the onho 
10 and/or meta position with one or more substituents selected from R , (6-14C)ar>'l, (4- 
13C)heteroaryl, (2-7C)heterocycloalkyl, (3-8C)cycloalkyl, NHR*, OR*^ and/or SR* in 
which R^ is (6-14C)aryl, (4-13C)heteroaryl, (l-8C)alkylcarbonyl, (6.14C)ar>acarbonyl, 
(l-8C)alkyl, (2-8C)alkenyl, (2-8C)alkynyl, the alkyl group of which may be optionally 
substituted with one or more substituents selected from hydroxyl, (l-8C)alkoxy, (2- 
15 7C)heterocycloalkyl((l-8C)alk)oxy, (3-8C)cycloalkyl((l-8C)alk)oxy, (6-14C)aryl((l- 
8C)alk)oxy, (4.13C)heteroaryl((l-8C)aIk)oxy, (2-7C)heterocycloalkyl, (3-8C)cycloalk>'l, 
(6-14C)aryl, (4-13C)heteroaryl, (l-8C)alkoxycarbonyl, (6-14C)aryloxycarbonyl, (1- 
8C)alkylcarbonyloxy, (6- 1 4C)arylcarbonyloxy, ( 1 -8C)alkylcarbonyl, (6- 
14C)arylcarbonyl, amine, (l-'8C)alkylaminocarbonyI, (6-14C)arylaminocarbonyl, (1- 
20 8C)alkylcarbonylamino, (6-14C)arylcarbonylamino, (6-14C)(di)arylamino and/or(l- 
8C)(di)alkylamino. Preferably the substituents at aryl in R^ are chosen from NHR* or 
ORI R^ preferably is (l-8C)alkylcarbonyl, (6-14C)arylcarbonyl, (l-8C)alkyl. The most 
preferred substituents in the alkylgroup are (2-7C)heterocycloalkyl, (1- 
6C)(di)alkylamino and amine. 

25 The alkyl group, alkenyl group or alkynyl group, if present in R or R in the above 

mentioned formula may optionally be substituted with one or more substituents selected 
from (6-14C)aryl, (4-13C)heteroaiyl, {l-8C)alkylcarbonyl, (6-14C)arylcarbonyl, (1- 
8C)alkylcarbonyloxy, (6-14C)arylcarbonyloxy, (6-14C)aryloxycarbonyl and/or (1- 
8C)alkoxycarbonyl. 

30 The alkyl group, alkenyl group or alkynyl group, if present in R^ in the above 

mentioned formula may optionally be substituted with one or more substituents selected 
from hydroxyl, (l-8C)alkoxy, (6-14C)aryloxy, (3-8C)cycloalkyl((l-8C)alk)oxy, (2- 
7C)heterocycloalkyl((l -8C)alk)oxy, (6- 1 4C)aryl(( 1 -8C)alk)oxy, (4- 1 3C)heteroaryl(( 1 - 
8C)aik)oxy, (2-7C)heterocycloalky 1, (6- 1 4C)aiyl, (4- 1 3C)heteroaryl, ( 1 - 

35 8C)alkoxycarbonyl, (6-14C)aryloxycarbonyI (1.8C)alkylcarbonyloxy, (6- 
1 4C)arylcarbonyloxy, ( 1 -8C)alkylcarbonyl, (6- 1 4C)arylcarbonyl, amine, ( 1 - 
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8C)alkylaminocarbonyl, (6- 1 4C)arylaminocarbonyl, ( 1 -8C)alkylcarbonylamino, (6- 
14C)arylcarbonylamino, (6-14C)(di)aiylaniino or(l-8C)(di)alkylamino. 



Preferred compounds according to the invention are compounds according to 
5 general fonnula I wherein X is S and/or Z is NH2. Amongst these preferred compounds 
those wherein X is S and Z is NH2 are especially preferred, even more preferred are 
those compounds wherein in addition Y is N. Most preferred are the compounds which 
in addition to the above mentioned definitions of X, Z and Y are defined by being (6- 
14C)aryl or (4-13C)heteroaryl. Most preferably A is S. 

10 Highly preferred compounds of the invention are the bicyclic heteroaromatic 

derivative compounds having the general formula I wherein 

is (6-14C)aryl or (4-13C)heteroaryl, 
R^ is (l-8C)alkyl, (2-8C)alkenyl, (2-8C)alkynyl, or (6"14C)aryl or (4-13C)heteroaryl, 
both optionally substituted with one or more substituents selected from (l-8C)alkyl, (1- 

1 5 8C)alkylthio, ( 1 -8C)alkoxy, (2-8C)alkenyl, or (2-8C)alkynyl, 

R^ is (l-8C)alk>'i, (2-8C)alkenyl, (2-8C)alkynyl, (3-8C)cycloalkyl, (2- 
7C)heterocycloalkyl, or (6-14C)aryl or (4-13C)heteroaryl, both optionally substituted 
witii one or more substituents selected fi-om (l-8C)alkyl, (l-8C)(di)alkylamino or (1- 
8C)alkoxy 

20 X is S, Z is NH2, A is S and B is N(H), O, or a bond. 
These compounds have the general structure: 




Fonnula II 



wherein R\ R^ R^ and B have the above mentioned definitions including the 

25 substitutions at the alkyl, alkenyl, alkynyl, aryl or heteroaiyl groups in R^, R^ The 

1 7 
substitutions of the aryl or heteroaryl groups in R are defined previously for R . 

The most prefened compotmds are the compounds of general formula I, more 
preferably formula II, wherein B is N or 0, B is N being the most preferred. R^ and/or 
R^ preferably are (l-8C)alkyl, more preferably (l-4C)alkyl and Y preferably is N. 
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Particularly preferred compounds according to the invention are those wherein R is 
isopropyl or tert-butyl, tert-butyl being the most preferred. 

Excluded from the invention are the compounds ethyl 5-amino-4-phenyl-2- 
5 ethoxycarbonylmethylthio-thieno[2,3-t/]p>Timidine-6-carboxylate, methyl 5-amino-4- 
phenyl-2-methylthio-thieno[2,3-if|pyrimidine-6-carboxylate, ethyl 5-amino-4-phenyl-2- 
methylthio-thieno [2,3 -^/lp}Timidine-6-carboxylate, 6-acetyl-5-amino-4-phenyl-2-(2- 
oxopropyIthio)-thieno[2,3-^pyrimidine, 5-amino-6-benzoyM-phenyl-2- 
phenylcarbonylmethylthio-thieno[2,3-^/lp>Timidine or 5-amino-6-(4-chloroben2oyl)-4- 
10 phenyl-2-[(4-chlorophenyl)carbonylmethylthio]-thieno[2,3-<flpyrimidine. 

The disclaimer relates to the disclosures in Phosph. Sulf. Sil. Rel. Chem: 60, 223- 
231, 1991; J.Chem. Res., Synop. (6):290-291, 1998 and Sulfur Lett. 9:101-108, 1989. 

The term (l-8C)alkyl as used in the definition of formulas I an 11 means a branched 
15 or unbranched alkyl group having 1-8 carbon atoms, for example methyl, ethyl, propyl, 
isopropyl, butyl, sec-butyl, tert-butyl, hexyl and octyl (l-6C)Alkyl groups are prefeued, 
(l-3C)alkyl being the most preferred. 

The term (2-8C)alkenyl means a branched or unbranched alkenyl group having 2-8 
carbon atoms, such as ethenyl, 2-butenyl etc. 

20 The term (2-8C)allcynyl means a branched or unbranched alkynyl group having 2-8 

carbon atoms, such as ethynyl and propynyl. 

The term (3-8C)cycloalkyl means a cycloalkyl group having 3-8 carbon atoms, 
being cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl or cyclo-octyl. 

The term (2-7C)heterocycloalkyl means a heterocycloalkyl group having 3-8 carbon 
25 atoms, preferably 3-5 carbon atoms, and at least including one heteroatom selected from 
N, O or S. Preferred are N or O. Most preferred are piperidine, morpholine and 
pyrrolidine. 

The term (l-8C)alkoxy means an alkoxy group having 1-8 carbon atoms, the alkyl 
moiety having the same meaning as previously defined. (l-6C)Alkoxy groups are 
30 preferred, ( 1 -3 C)alkoxy being the most preferred. 



wo 00/61586 



6 



PCT/EPOO/02865 



The term (l-8C)alkoxycarbonyl means an alkoxycarbonyl group, the alkyl group of 
which contains 1-8 carbon atoms and has the same meaning as previously defined. 

The term (l-8C)(di)alkylamino means an (di)alkylamino group having 1-8 carbon 
atoms, the alk>'l moiety having the same meaning as previously defined, 

5 The term (6-14C)(di)ao'lamino means an (di)arylamino group having 6-14C carbon 

atoms, the ar>'l moiety having the same meaning as previously defined. 

The term (l-8C)alkylthio means an alkylthio group having 1-8 carbon atoms, the 
alkyl moiety having the same meaning as previously defined. 

The term (6-14C)aryl means an aromatic hydrocarbon group having 6-14 carbon 
10 atoms, such as phenyl, naphthyl, tetrahydronaphthyl, indenyl, anthracyl, which may 
optionally be substituted with one or more substituents such as -but not limited to- 
hydroxy, halogen, nitro, trifluoromethyl, cyano, (l-8C)alkylcarbonylamino, (1- 
8C)alkylaminocarbonyl or (l-8C)(di)alkylamino, the alkyl moieties having the same 
meaning as previously defined. The preferred aromatic hydrocarbon group is phenyl. 

15 The term (6-14C)aiyloxycarbonyl means an aryloxycarbonyl group, the aryl group 

of which contains 6-14 carbon atoms and has the same meaning as previously defined. 

The term (6-14C)aryl(l-8C)alkyl means an arylalkyl group having 7-22 carbon 
atoms, wherein the alkyl group is a (l-8C)alkyl group and the aryl group is a (6-14C)aryl 
as previously defined. Phenyl(l-8C)alkyl groups are preferred arylalkyl groups, such as 
20 benzyl. 

The term (4-13C)heteroaryl means a substituted or unsubstituted aromatic group 
having 3-13 carbon atoms, preferably 4-9, at least including one heteroatom selected 
from N, O and/or S, like imidazolyl, thienyl, benzthienyl, quinolyl, tetrahydroquinolyl, 
isoquinolyl, tetrahydroisoquinolyl, indolyl, acridinolyl, fiiryl or p>TidyI. The substituents 
25 on the heteroaryl group may be selected from the group of substituents listed for the aiyl 
group. Prefened heteroaryl groups are thienyl, furyl and p>Tidyl. 

The term joined in a (2-7C)heterocycloalkyI ring in the definition of NR^R^, where 
R^ and R^ together with the nitrogen atom to which they are bonded are a ring, means a 
ring containing the nitrogen atom and further having at most 2-7 carbon atoms, which 
30 ring may contain unsaturated bonds or one or more heteroatoms selected fix>m N, O 
and/or S. Examples of such rings are azetidine, pyrrolidine, piperidine, piperazine, 
moipholine and thiomorpholine. 

The term halogen means fluorine, chlorine, bromine or iodine. 
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The term (2-7C)heterocycloalkyl(l-8C)alkoxy means a helerocycloalkyl group 
containing 3-8 carbon atoms as defined previously, attached to a (l-8C)aIkoxy group, 
the alkoxy moiety having the meaning as previously defined. 

The term (3-8C)cycloalkyl(l-8C)alkoxy means a cycloalkyl group containing 3-8 
5 carbon atoms as defined previously, attached to a (l-8C)alkoxy group, the alkoxy moiety 
having the meaning as previously defined. 

The term (6-14C)aryl(l-8C)alkoxy means an aryl group containing 6-14 carbon 
atoms as defined previously, attached to a (l-8C)alkoxy group, the alkoxy moiety having 
the meaning as previously defined. (4-13C)Heteroaxylalkoxy groups are analogs of the 
10 (6-14C)arylalkoxy groups, at least including one heteroatom selected fiom N, O and S. 

The term (l-8C)alkylcarbonyl means an alkylcarbonyl group, the alkyl group of 
which contains 1-8 carbon atoms and has the same meaning as previously defined. 

The term (6-14C)ar)'lcarbonyl means an arylcarbonyl group, the aiyl group of which 
contains 6-14 carbon atoms and has the same meaning as previously defined. 

15 The term (l-8C)alkylcarbonyloxy means an alkylcarbonyloxy group, the alkyl group 

of which contains 1-8 carbon atoms and has the same meaning as previously defined. 

The term (6-14C)arylcarbonyloxy means an arylcarbonyloxy group, the aryl group 
of which contains 6-14 carbon atoms and has the same meaning as previously defined. 

The term (l-8C)alkylaminocarbonyl means an alkylaminocarbonyl group, the alkyl 
20 group of which contains 1-8 carbon atoms and has the same meaning as previously 
defined. 

The term (6-14C)arylaminocarbonyl means an arylaminocarbonyl group, the aryl 
group of which contains 6-14 carbon atoms and has the same meaning as previously 
defined. 

25 The term (l-8C)alkylcarbonylamino means an alkylcarbonylamino group, the alkyl 

group of which contains 1-8 carbon atoms and has the same meaning as previously 
defined. 

The term (6-14C)arylcarbonylamino means an arylcarbonylamino group, the aryl 
group of which contains 6-14 carbon atoms and has the same meaning as previously 
30 defined. 

The term (2-7C)heterocycloalkyloxy means a heterocycloalkyl group containing 3-8 
carbon atoms as defined previously, attached to an oxygen atom. 
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The term (3-8C)cycloalk>ioxy means a cycloalkyl group containing 3-8 carbon 
atoms as defined previously, attached to an oxygen atom. 

The tenn (6-14C)ar>'loxy means an ar>'l group containing 6-14 carbon atoms as 
defined previously, attached to an oxygen atom. (4-13C)Heteroaryloxy groups are 
5 analogs of the (6-14C)aryloxy groups, at least including one heieroatom selected from 
N, O and S. 

It has been showTi that compounds of the above mentioned formula I are capable of 
binding to the LH recepotor and show agonistic LH activity. 

ID The invention further resides in a pharmaceutical composition comprising a bicyclic 

heteroaromatic derivative compound or salts thereof having the general formula I. 

Pharmaceutical compositions which comprise ethyl 5-amino-4-phenyl-2- 
ethoxycarbonylmethylthio-thieno[2,3-<flpyriniidine-6-carboxylate, methyl 5-amino-4- 
phenyl-2-methylthio-thieno[2,3-£3ripyrimidine-6-carboxylate or ethyl 5-amino-4-phenyl- 
15 2-methylthio-thieno[2,3-if|pyrimidine-6-carboxylate are withm the ambit of the present 
invention. Thus, the compounds according to the invention can be used in therapy. A 
fiirther aspect of the invention resides in the use of a bicyclic heteroaromatic compoimd 
having the general formula I for the manufacture of a medicament for the control of 
fertility. Preferably the present compounds are used to activate the LH receptor. 

20 

The bicyclic heteroaromatic derivative compounds of this invention may possess 
one or more chiral carbon atoms. The compoimds may therefore be obtained as chirally 
pwe compounds or as a mixture of diastereomers and/or enantiomers. Methods for 
obtaining the chirally pure compounds are v^^ell known in the art, e.g. crystallization or 
25 chromatography. 

For therapeutic use, salts of the compounds of formula I are those wherein the 
counterion is pharmaceutically acceptable. However, acid addition salts of bases 
according to formula I, may also find use, for example, in the preparation or purification 
30 of a pharmaceutically acceptable compound. All salts, whether pharmaceutically 
acceptable or not, are included within the ambit of the present invention. 

Examples of acid addition salts include those derived fi-om mineral acids such as 
hydrochloric acid, phosphoric acid, sulphuric acid, preferably hydrochloric acid, and 
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organic acids like citric acid, tartaric acid, acetic acid, lactic acid, maleic acid, malonic 
acid, fumaric acid, glycolic acid, succinic acid, and the like. 

Suitable administration routes for the compounds of formula I or pharmaceutically 
5 acceptable salts thereof, also referred to herein as the active ingredient are intramuscular 
injections, subcutaneous injections, intravenous injections or intraperitoneal injections, 
oral and intranasal administration. Preferably, the compounds may be administered 
orally. The exact dose and regimen of administration of the active ingredient, or a 
pharmaceutical composition thereof, will necessarily be dependent upon the therapeutic 
10 effect to be achieved (treatment of infertility; contraception), and may vary with the 
particular compound, the route of administration, and the age and condition of the 
individual subject to whom the medicament is to be administered. 

In general parenteral administration requires lov^er dosages than other methods of 
administration which are more dependent upon adsorption. However, a dosage for 
15 humans preferably contains 0.0001-25 mg per kg body weight. The desired dose may be 
presented as one dose or as multiple subdoses administered at appropriate intervals 
throughout the day, or, in case of female recipients, as doses to be administered at 
appropriate daily intervals throughout the menstrual cycle. The dosage as well as the 
regimen of administration may differ between a female and a male recipient. 

20 In case of in vitro or ex vivo applications, like in IVF applications, the compounds 

of the inventions are to be used in the incubation media in a concentration of 
approximately 0.01-5 |ig/ml. 

The present invention thus also relates to pharmaceutical compositions comprising 
25 a bicyclic heteroaromatic compound according to formula I, i.e. including 
pharmaceutical compositions comprising ethyl 5-amino-4-phenyl-2- 
ethoxycarbonylmethylthio-thieno[2,3-4flpyrimidine-6-carboxylate, methyl 5-amino-4- 
phenyl-2-methylthio-thieno[2,3-^/]pyrimidine-6-carboxylate or ethyl 5-amino-4-phenyl- 
2-methylthio-thieno[2,3-</|p>Timidine-6-carboxylate, 6-acetyl-5-amino-4-phenyl-2-(2- 
30 oxopropylthio)-thieno[2,3-</|pyrimidine, 5-amino-6-benzoyM-phenyl-2- 

phenylcarbonylmethylthio-thieno[2,3-i(lpyrimidine or 5-amino-6-(4-chlorobenzoyl)-4- 
phenyl-2-[(4-chlorophenyl)carbonylmethylthio]-thieno[2,3-i/lpyrimidine in admixture 
with pharmaceutically acceptable auxiliaries, and optionally other therapeutic agents. 
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The auxiliaries must be ''acceptable'' in the sense of being compatible with the other 
ingredients of the composition and not deleterious to the recipients thereof. 

Pharmaceutical compositions include those suitable for oral, rectal nasal, topical 
(including transdermal, buccal and sublingual), vaginal or parenteral (including 
5 subcutaneous, intramuscular, intravenous and intradermal) administration. The 
compositions may be prepared by any method well known in the art of pharmacy, for 
example, using methods such as those described in Gennaro et al.. Remington's 
Pharmaceutical Sciences (18th ed.. Mack Publishing company, 1990, see especially Part 
8: Pharmaceutical Preparations and Their Manufacture). 

10 Such methods include the step of bringing in association the active ingredient with 

any auxilliary agent. The auxilliary agent(s), also named accessory ingredients, include 
those conventional in the art (Gennaro, supra), such as, fillers, binders, diluents, 
disintegrants, lubricants, colorants, flavoring agents and wetting agents. 

Pharmaceutical compositions suitable for oral administration may be presented as 
15 discrete dosage units such as pills, tablets or capsules, or as a powder or granules, or as a 
solution or suspension. The active ingredient may also be presented as a bolus or paste. 
The compositions can further be processed into a suppository or enema for rectal 
administration. 

For parenteral administration, suitable compositions include aqueous and non- 
20 aqueous sterile injection. The compositions may be presented in unit-dose or multi-dose 
containers, for example sealed vials and ampoules, and may be stored in a freeze-dried 
(lyophilised) condition requiring only the addition of sterile liquid carrier, for example, 
water prior to use. 

Compositions, or formulations, suitable for administration by nasal inhalation 
25 include fine dusts or mists which may be generated by means of metered dose 
pressurized aerosols, nebulisers or insufflators. 

The bicyclic heteroaromatic derivative compounds of the invention can also be 
administered in the form of implantable pharmaceutical devices, consisting of a core of 
30 active material, encased by a release rate-regulating membrane. Such implants are to be 
applied subcutaneously or locally, and will release the active ingredient at an 
approximately constant rate over relatively large periods of time, for instance from 
weeks to years. Methods for the preparation of implantable pharmaceutical devices as 



4 
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such are known in the art, for example as described in European Patent 0,303,306 
(AKZO N.V.). 

Thus, the compounds according to the present invention can be used for the same 
clinical purposes as the native LH, v^ith the advantage that they display altered stabilit}' 
5 properties and can be administered differently. 



The compounds of the present invention wherein B=NH, represented by formula (I- 
a) can generally be prepared following art-known condensation of an acid of formula 
(III) with an amine of formula (IV). 

10 




The above reaction is t)'pically conducted at room temperature in a suitable solvent, 
e.g. an aprotic solvent such as JV;A^-dimethylformamide or dichloromethane, using a 
15 coupling reagent such as 0-(benzotriazol-l-yl)-iV,//,Ar',A^ -tetramethyluroniimi 
tetrafluoroborate (TBTU) or bromotripyrrolidinophosphonium hexafluorophosphate 
(PyBrOP) and a tertiary base, e.g. A/.iV-diisopropylethylamine. 

Likewise, compounds of formula (I) wherein B=0, being represented by formula (1- 
b) can be prepared in the same way as described above for compoimds of formula (I-a), 
20 starting from acids with the general structure (III) and alcohols of formula (V). 




(V) 



(I-b) 
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The compounds of formula (I) wherein B is a bond, represented by formula (I-c) can 
be prepared by condensation of p>Tidyl chlorides (VI) wherein W=CN or C(0)(OEt) 
with compounds of general structure (VII) in suitable solvents such as ethanol, methanol 
or tetrahydrofiiran at elevated temperature (50 °C) in the presence of a base, e.g. sodium 
5 ethoxide, sodium methoxide, potassium carbonate or potassium hydroxide. 




(VI) (Vn) (I-c) 

Alternatively, compounds of formula (I-c) wherein X=S, represented by formula (I- 
d) can also be prepared from thioamides of structure (VIII) wherein W is as previously 
10 defined, and compounds of formula (IX) wherein V=halogen such as bromide or 
chloride, via the abovementioned procedure. 




15 Related cyclizations are described in literature, see for example Y.A. Sharanin, 

A.M. Shestopalov and V.K. Promonenkov, J. Org. Chem. USSR (Engl. Transl), 20:1828 
1984; Z.H. Khalil and A. A. Geies, Phosph. Sulf. Silic. Relat. Elem. 60:223, 1991. 

A suitable method for the. preparation of intermediate acids (III) is the art-known 
base-mediated saponification of ethyl esters of general structure (X). Saponification 
20 takes place in the presence of a base such as lithium hydroxide, potassiimi hydroxide or 
sodimn hydroxide in a mixture of aqueous dioxane at elevated temperature (80 to 
reflux). 
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PC) ail) 



Compounds of fonnula (X) may be prepared by cyclization of pjTidyl chlorides (VI) 
with HXCH2C(0)0Et as described previously for the synthesis of compounds (I-c). In 
5 certain instances, an intermediate -not cyclized- product can be isolated, which cyclizes 
upon repeated treatment with base. Alternatively, compounds of formula (X) wherein 
X=S may also be prepared via the same procedure described for the synthesis of 
derivatives (I-d), by cyclization of (VHI) with VCH2C(0)0Et (IX) wherein V is as 
previously defmed. 

10 Related cyclizations are found in literature. For example, thieno cyclizations are 

described by A.A. SantiUi, D.H. Kim and S.V. Wanser, J. Heterocycl. Chem. 8:445, 
1971; S. Kohra, Y. Tominaga and A. Hosomi, J. Heterocycl. Chem. 25:959, 1988; H. 
Vieweg, U. Krasselt, N. Bohm, J. Prantz and G. Wagner, Pharmazie 45:731, 1990; H. 
Vieweg and G. Wagner, Pharmazie 46:51, 1991; G. Wagner, H. Vieweg and S. Leitner, 

15 Pharmazie 48:588, 1993. P>Trolo cyclizations are described e.g. by D.H. Kim and A.A. 
SantiUi, J. Heterocycl. Chem. 6:819, 1969. 



Compounds of formula (VI) wherein W is as previously defined, can be synthesized 
following literature procedures as described for example by A.A. SantiUi, D.H. Kim and 
20 S.V. Wanser, J. Heterocycl. Chem. 8:445, 1971. In a typical experiment, an amide of 
general structure (XI) is treated with POCI3 at elevated temperature (80 °C to reflux). 
The addition of an appropriate solvent, e.g. dioxane, and/or the addition of either PCI5 or 
A^,iV-dimethylaiiiline to the reaction mixture may result in shorter reaction times and 
higher yields of chlorides (VI). 




H 



(XI) 
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In another approach, amides (XI) may be treated at elevated temperature (preferably 
reflux) wth SOCI2 to give compoimds of formula (VI), as was described in literature by 
D.H. Kim and A.A. Santilli, J. Heterocycl. Chem. 6:819, 1969. 

5 Compounds of formula (VIII) wherein W is as previously defined can be prepared 

by treatment of derivatives (XI) with a sulfurizing agent, e,g, P2S5 or Lawesson's 
Reagent in an appropriate solvent such as pyridine at elevated temperature (preferably 
reflux), see Z.H. KhaliL Phosph. Sulf. Silic. Relat. Elem. 60: 223, 1991. 

10 

Furthermore, compounds of general formula (VIII) wherein Y=CH and A is a bond, 
represented by formula (Vlll-a) can be synthesized by cyclization of a, p -unsaturated 
ketones of fomiula (XII) and thioacetamide (XIII). 




15 (XII) (XIII) (Vlll-a) 

In a typical experiment compoimds (XII) and (XIII) are reacted in a solvent such as 
ethanol, methanol or tetrahydrofiiran at elevated temperature (preferably reflux) in the 
presence of base, e.g. piperidine, triethylamine, sodium methoxide or sodiimi ethoxide. 
20 Related cyclizations are found in literature: H. Vieweg, V. Hanfeld, S. Leitner and G. 
Wagner, Pharmazie 44:639, 1989; H. Vieweg and G. Wagnen Pharmazie 46: 51, 1991. 

Alternatively, compounds of formula (Vlll-a, W - CN) can be synthesized starting 
from a,P-unsaturated dinitriles of general structure (XIV) and thioacetamides (XV) as 
was described by G.A.H. Elgemeie, Heterocycles 31 :123, 1990. 



25 
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r' cn 

^>=<( R^'-'V^NH, (Vlll-a) 

(XIV) (XV) 

Compounds of fonnula (XI) wherein Y=N, represented by formula (Xl-a) can be 
prepared via several literatiire-based approaches. 



PCVI) (XVII) (XVIIIa-e) (Xl-a) 




For example, derivatives of formula (Xl-a) wherein R^= (6-14C)ar>'l or (4- 
13C)heteroaryl may be synthesized by condensation of ethyl esters (XVI), wherein W is 
as previously defined, with aldehydes (XVII) and compounds (XVIII), which may be 
isothiourea (XVIII-a), isourea (XVIII-b), monosubstituted guanidines (XVII-c), 
10 disubstituted guanidines (XVIII-d) or amidines (XVIII-e). 



NH ^NH R* .NH Rf NH .NH 

R.S-^ ^20^ \^ 

NH2 NH2 H NH2 R* NHj NH2 

(XVIII-a) (XVni-b) (XVIII-c) (XVIII-d) (XVIII-e) 



In a t>'pical experiment, components (XVI), (XVII) and (XVIIIa-e) are suspended in 
15 an appropriate solvent, e.g. ethanol, methanol, A^,7/-dimethylformamide, A^- 
methylpyrrolidinone, tetrahydrofuran or pyridine and a base such as potassium 
carbonate, sodium acetate, sodium methoxide or sodium ethoxide is added. Reaction 
takes place at elevated temperature (70 °C to reflux). After filtration, residues are taken 
up in water and acidified (pH 2) after which products (Xl-a) precipitate (S. Kambe, K. 
20 Saito and H. Kishi, Synthesis 287 (1979); A.M. Abd-Elfattah, S.M. Hussain and A.M. 
El-Reedy, Tetrahedron 39, 3197 (1983); S.M. Hussain, A.A. El-Barbary and S.A. 
Mansour, J. Heterocycl. Chem. 22, 169 (1985)). In the case of W=C(0)OEt, 
aromatization occurs on the addition of an oxidant, such as DDQ or oxygen. Related 
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cyclizations may also be performed on a solid support such as Merrifield resin using an 
appropriate linker, see for example A.L. Mrzinzik and E.R. Felder, J, Org. Chem. 63, 
723 (1998); T. Masquelin, D. Sprenger, R. Baer, F. Gerber and Y. Mercadal, Helv. 
Chim. Acta 81, 646 (1998). 

5 Alternatively, derivatives of formula (Xl-a) wherein is not (6-14C)aryl or (4- 

13C)heteroaryl, may be prepared via substitution of CI in derivatives of formula (Vl-a) 
or substitution of 4-SMe in compounds of formula (Xl-b). 



CI SMe 




(Vl-a) (Xl-b) 



10 

Related substitution reactions are foimd in literature, e.g. S. Kohra, Y. Tominaga 
and A. Hosomi, J. Heterocycl. Chem. 25:959, 1988; A.A. Santilli, D.H. Kim and S.V. 
Wanser, J. Heterocycl. Chem. 8:445, 1971; J. Clark, M.S. Shannet, D. Korakas and G. 
Varvounis, J. Heterocycl. Chem. 30:1065, 1993; S. Ttmikevicius, Liebigs Ann. Org. 
15 Bioorg. Chem. 9:1703, 1995. 

Pyridines of general formula (XI) wherein Y=CH, A=S and W=CN, represented by 
formula (XX) are accessible by sequential alkylation of a,p-unsaturated dinitriles of 
general structure (XIV) with carbon disulfide and alkyl iodide R -1 to give compoimds 
of general formula (XIX), as described by P. Milart, Tetrahedron 54: 15643-15656, 
20 1998. Cyclization of compounds of formula (XIX) under acidic conditions as described 
by K. Peseke, Z. Chem. 29: 442^3 (1989) yields pyridines of general fonnula (XX). 




(XIV) (XIX) (XX) 
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Methods to determine receptor binding as well as in vitro and in vivo assays to 
determine biological activity of gonadotropins are well known. In general, expressed 
receptor is contacted with the compound to be tested and binding or stimulation or 
inhibition of a functional response is measured. 

5 To measure a functional response isolated DNA encoding the LH receptor gene, 

preferably the human receptor, is expressed in suitable host cells. Such a cell might be 
the Chinese Hamster Ovary cell, but other cells are also suitable. Preferably the cells are 
of mammalian origin (Jia et al, Mol.Endocrin., 5:759-776, 1991. 

Methods to construct recombinant LH expressing cell lines are well known in the 
10 art (Sambrook et al., Molecular Cloning: a Laboratory Manual, Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, latest edition). Expression of receptor is attained 
by expression of the DNA encoding the desired protein. Techniques for site directed 
mutagenesis, ligation of additional sequences, PCR, and construction of suitable 
expression systems are all, by now, well known in the art. Portions or all of the DNA 
15 encoding the desired protein can be constructed synthetically using standard solid phase 
techniques, preferably to include restriction sites for ease of ligation. Suitable control 
elements for transcription and translation of the included coding sequence can be 
provided to the DNA coding sequences. As is well knovm, expression systems are now 
available which are compatible with a wide variety of hosts, including prokaryotic hosts 
20 such as bacteria and eukaryotic hosts such as yeast, plant cells, insect cells, mammalian 
cells, avian cells and the like. 

Cells expressing the receptor are then are then contacted v^th the test compound to 
observe binding, or stimulation or inhibition of a functional response. 

Alternatively isolated cell membranes containing the expressed receptor may be 
25 used to measure binding of compound. 

For measurement of binding radioactively or fluorescently labeled compounds may 
be used. As reference compound human recombinant LH can be used. In the alternative 
also competition binding assays can be performed. 

Another assay involves screening for LH receptor agonist compounds by 
30 determimng stimulation of receptor mediated cAMP accumulation. Thus, such a method 
involves expession of the receptor on the cell surface of a host cell and exposing the cell 
to the test compound. The amount of cAMP is then measured. The level of cAMP will 
be reduced or increased, depending on the inhibitory or stimulating effect of the test 
compound upon binding to the receptor. 
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In addition to direct measurement of e.g. cAMP levels in the exposed cell, cells 
lines can be used which in addition to transfection with receptor encoding DNA are also 
transfected with a second DNA encoding a reporter gene the expression of which 
responds to the level of cAMP. Such reporter genes might be cAMP inducible or might 

5 be constructed in such a way that they are connected to novel cAMP responsive 
elements. In general, reporter gene expression might be controlled by any response 
element reacting to changing levels of cAMP. Suitable reporter genes are e.g. LacZ, 
alkaline phosphatase, firefly luciferase and green fluorescence protein. The principles of 
such transactivation assays are well known in the art and are described e.g. in Stratowa, 

10 Ch, Himmler, A and Czemilofsky, A.P. (1 995) Curr.Opin.Biotechnol.6:574. 

For selecting active compoimds testing at 10"^ M must result in an activity of more 
than 20% of the maximal activity when LH is used as a reference. Another criterion 
might be the EC50 value which must be < 10'^ M, preferably < 10'^ M. 

The skilled artisan will recognize that desirable EC50 values are dependent on the 
15 compound tested. For example, a compound with an EC50 which is less than 10'^ M is 
generally considered a candidate for drug selection. Preferably this value is lower than 
10"^ M. However, a compound which has a higher EC50, but is selective for the 
particular receptor, may be even a better candidate. 

Screening for LH receptor agonistic compounds can also be performed by using a 
20 mouse Leydig cell bioassay (Van Damme, M., Robersen, D. and Diczfalusy, E. (1974). 
Acta Endocrinol. 77: 655-671 Mannaerts, B., Kloosterboer, H. and Schuurs, A. (1987). 
Neuroendocrinology of reproduction. R. Rolland et al. Eds., Elsevier Science Publishers 
B.V,, 49-58). In this assay, stimulation of LH receptor mediated testosterone production 
can be measured in Leydig cells isolated from male mice. 
25 To measure in vivo activity of LH receptor agonistic compounds ovulation induction 

in immature mice can be studied. In this assay immature female mice can be primed with 
urinary FSH and approximately 48 hotirs later treated with a LH agonistic compound. The 
animals are killed after LH agonist treatment and the number of ova in the oviduct can be 
microscopically assessed. 
30 The compounds of the present invention can be applied clinically in those regimens 

where now LH or hCG is used. These include LH substitution among subjects with 
hypogonadal hypogonadism either male or female, midcycle administration to induce 
ovulation (ovulation induction (01) or controlled h>'perstimulation (COH) or stimulation 
of the corpus luteum. 
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The following examples are illustrative for the invention and should in no way be 
interpreted as limiting the scope of the invention. 



Examples 

♦ 

5 Example 1 

Ethvl 5'aminO'4-f3"methoxvphenvlV2>methvlthio>thieno[2.3-^mTimidine-6-carbox- 
vlate 

(a). 5"Cvano-4-(3-methox\T)henvlV2-methvlthio-6>oxop\Timidine 
10 A mixture of S-methylisothiourea sulfate (139 mg), 3-methoxybenzaldehyde (243 |il), 
ethyl cyanoacetate (1 12 )il) and potassium carbonate (145 mg) in abs. ethanol (2 ml) was 
stirred at 60*^C for 5 h. The reaction mixture was cooled to O^C in an ice bath, filtered 
and the residue was heated in water until a clear solution was obtained. The solution was 
acidified with 2N HCl to pH 2 and cooled to O^C in an ice bath. The resulting crystals 
1 5 were filtered off and dried in vacuo. 
Yield: 186mg. 

MS-ESI: [M+H]^ = 274.2. 

TLC: Rf = 0.50, silica gel, dichloromethane/methanol = 9/1 v/v. 

20 (bV 6-ChlorO'5-cvano-4-f3-methoxvphenvlV2-methvlthioDNTimidine 

POCI3 (0.75 ml) was added to a stirred solution of 5-cyano-4-(3-methoxyphenyl)-2- 
methylthio-6-oxop>Timidine (305 mg) in dry dioxane (1 ml). After 3 h at 80*^C, the 
mixture was cooled to 0°C in an ice bath and crushed ice was slowly added. After 
cessation of the exothermic reaction, water was added (3 ml), the solids were filtered off 

25 and dried in vacuo. 
Yield: 244 mg. 

MS-ESI: [M+Hr = 292.2. 

TLC: Rf = 0.86, silica gel, dichloromethane. 

30 (c). Ethvl S-amino-4-f3-methoxvphenvn>2«methvlthio-thienor2.3-^pvrimidine-6- 
carboxvlate 

Sodium ethoxide (1.4N, 957 |il) was added to a stirred solution of ethyl 2- 
mercaptoacetate (92 jil) and 6-chloro-5-cyano-4-(3-methoxyphenyl)-2- 
methylthiopjTimidine (244 mg) in dry ethanol (4 ml). After 3 h at 50''C the mixture was 



wo 00/61586 PCT/EPOO/02865 

- 20 . 

cooled to O^C in an ice bath, diluted with water (5 ml) and the solids were collected by 
filtration and dried in vacuo. 
Yield: 260 mg 

MS-ESI: [M+Hf = 376.2. 
5 TLC: Rf = 0.44, silica gel, dichloromethane. 



Example 2 

Ethvl 5-amino-2-ethvlthio-4-phenvl»thienor2.3-</lDvrimidine-6-carboxvlate 
Cyclization of S-ethylisothiourea.HBr (185 mg), benzaldehyde (203 ^il) and ethyl 
10 cyanoacetate (117 |al), treatment of the product with POCI3 and subsequent reaction with 
ethyl 2-mercaptoacetate were performed according to the methods described in example 
1. 

Yield: 49 mg. 

MS-ESI: [M+Hr = 360.2. 
15 TLC: Rf = 0.46, silica gel, dichloromethane. 



Examples 

Ethvl 5-amino-2-y?-pent\^lthio-4-phenvl>thienor2.3-J1pvrimidine-6-carboxvlate 
Cyclization of S-w-pentylisothiourea (146 mg), benzaldehyde (203 |il) and ethyl 
20 cyanoacetate (1 12 ^il), treatment of the product with POCI3 and subsequent reaction with 
ethyl 2-mercaptoacetate were performed according to the methods described in example 
1. 

Yield: 45 mg. 

MS-ESI: [M+H]^ = 402.4. 
25 TLC: Rf=0.57, silica gel, dichloromethane. 



Example 4 

Ethvl 5-amino-2-/7-Dentvlthio-4-r3-thienvlVthienor2.3-</]p\Timidine-6«carboxvlate 
Cyclization of S-w-pentylisothiourea (146 mg), thiophene-3-carboxaldehyde (183 |il) and 
30 ethyl cyanoacetate (112 ^1), treatment of the product with POCI3 and subsequent 
reaction with ethyl 2-mercaptoacetate were performed according to the methods 
described in example 1 . 
Yield: 4mg. 

MS-ESI: [M+H]^ = 408.2. 
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TLC: Rf = 0.65, silica gel, dichloromethane. 
Example 5 

Ethvl 5'amino-4-(3-funiV2-w-pentvlthio-thieno[2.3>^p\Tirnidine-6-carboxvlate 
5 Cyclization of 5-A2-pentylisothiourea (146 mg), 3-ftiraldehyde (129 ^1) and ethyl 
cyanoacetate (112 |il), treatment of the product with POCI3 and subsequent reaction with 
ethyl 2-mercaptoacetate were performed according to the methods described in example 
1. 

Yield: 18mg. 
10 MS-ESI: [M+H]^ = 392.2. 

TLC: Rf = 0.60, silica gel, dichloromethane. 

Example 6 

Ethvl 5-amino-2>benzvlthio-4-Dhenvl-thieno[2,3-^pvrimidine-6-carboxvlate 
15 Cyclization of 5-ben2ylisothiourea (203 mg), benzaldehyde (203 ^il) and ethyl 
cyanoacetate (112 ^l), treatment of the product with POCI3 and subsequent reaction with 
ethyl 2-mercaptoacetate were performed according to the methods described in example 
1. 

Yield: 114mg. 
20 MS-ESI: [M+H]* = 422.0. 

TLC : Rf = 0.70, silica gel, dichloromethane. 

Example 7 

Ethvl 5-amino-2-benzvlthio-4-(3-thienvlVthienof23-^pvrimidine-6-carboxvlate 
25 Cyclization of S-benzylisothiotirea (203 mg), thiophene-3-carboxaldehyde (183 jil) and 

ethyl cyanoacetate (112 fil), treatment of the product with POCI3 and subsequent 

reaction with ethyl 2-mercaptoacetate were performed according to the methods 

described in example 1 . 

Yield: 34 mg. 
30 MS-ESI: [M+Hf = 428.3. 

TLC: Rf = 0.65, silica gel, dichloromethane. 
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Example 8 

Ethvl 5>amino-2'benzvlthiO'4>G"fun^lVthienor2.3't/lp\Timidine-6-carboxvIate 
Cyclization of 5-benzylisothiourea (203 mg), 3-furaldehyde (129 ^il) and ethyl 
cyanoacetate (112 |il), treatment of the product with POCI3 and subsequent reaction with 
5 ethyl 2-mercaptoacetate were performed according to the methods described in example 
1. 

Yield: 38 mg. 

MS-ESI: [M+Hr = 412.2. 

TLC: Rf = 0.60, silica gel, dichloromethane. 

10 

Example 9 

Ethvl 5-amino-2'benz\^lthio-4>f3-methoxvphcnvlVthieno[2.3'C/)p\Timidine'6'Carbox- 
vlate 

Cyclization of 5-benzylisothiourea (203 mg), 3-methoxybenzaldehyde (243 jxl) and ethyl 
15 cyanoacetate (112 treatment of the product with POCI3 and subsequent reaction with 
ethyl 2-mercaptoacetate were performed according to the methods described in example 
1. 

Yield: 3 1 mg. 

MS-ESI: [M+H]^ = 452.2. 
20 TLC: Rf = 0.52, silica gel, dichloromethane. 

Example 10 

Ethvl 5-amino-2-(4-chlorobenzvlthioM-phenvl-thienor23></lpvrimidine'6'Carboxvlate 
Cyclization of 5-/?-chlorobenzylisothiourea.HCl (237 mg), benzaldehyde (203 |il) and 
25 ethyl cyanoacetate (117 ^il), treatment of the product with POCI3 and subsequent 
reaction with ethyl 2-mercaptoacetate were performed according to the methods 
described in example 1 . 
Yield: 34 mg. 

MS-ESI: [M+Hf = 456.2. 
30 TLC: Rf = 0.74, silica gel, dichloromethane. 
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Example 11 

Ethvl 5-amino-2-ethoxvcarbonvlmethvlthio-4'(3-methox\T)henvlVthieno[2.3-<ilp\T- 
imidine>6-carboxvlate 

Cyclization of 5-methylisothiourea sulfate (139 mg), 3-methoxyben2aldehyde (243 |il) 
5 and ethyl cyanoaceiate (112 ^1), treatment of the product with POCI3 and subsequent 
reaction with ethyl 2-mercaptoacetate were performed according to the methods 
described in example 1 . 
Yield: 37 mg. 

MS-ESl: [M+H]^ = 448.2. 
10 TLC: Rf = 0. 1 2, silica gel, dichloromethane. 

Example 12 

Ethvl 5-amino-2-methvlthio-4-(3-thienvl)-thienor2.3-c/]p\Timidine»6-carboxvlate 
Cyclization of S-methylisothiourea sulfate (695 mg), thiophene-3-carboxaldehyde (910 
15 |il) and ethyl cyanoacetate (580 ^1), treatment of the product with POCI3 and subsequent 
reaction with ethyl 2-mercaptoacetate were performed according to the methods 
described in example 1 . 
Yield: 176 mg. 

MS-ESI: [M+H]* = 352.2. 
20 TLC: Rf == 0.52, silica gel, dichloromethane. 

Example 13 

Ethvl 5-amino-4-(3-fiirvlV2-methvlthio-thienof2J-£/lpvrimidine"6-carboxvlate 
Cyclization of 5-methylisothiourea sulfate (139 mg), 3-furaldehyde (129 ^1) and ethyl 
25 cyanoacetate (112 |il), treatment of the product with POCI3 and subsequent reaction with 
ethyl 2-mercaptoacetate were performed according to the methods described in example 
1. 

Yield: 32 mg. 

MS-ESI: [M+H]"" = 336.2. 
30 TLC: Rf = 0.38, silica gel, dichloromethane. 
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Example 14 

Ethvl S>amino-4-(2>fluorophenvlV2-methvlthio-thienor23>(/lp\Timidine'6>carboxvlate 
Cyclization of S-methylisothiourea sulfate (139 mg), 2-fluoroben2aldehyde (211 ^il) and 
ethyl cyanoacetate (112 jil), treatment of the product with POCI3 and subsequent 
5 reaction with ethyl 2-mercaptoacetate were performed according to the methods 
described in example 1 . 
Yield: 91 mg. 

MS-ESl: [M+H]^ = 364.0. 

TLC: Rf -0.51, silica gel, dichloromethane. 

10 

Example 15 

Ethvl S■amino-4^(3■bromophenvlV2-methvlthiO'thieno^23'(/]p^Timidine-6- carboxvlate 
Cyclization of 5-methylisothiourea sulfate (139 mg), 3-bromobenzaldehyde (233 |il) and 
ethyl cyanoacetate (112 fil), treatment of the product with POCI3 and subsequent 
15 reaction with ethyl 2-mercaptoacetate were performed according to the methods 
described in example 1 . 
Yield: 170mg. 

MS-ESI: [M+Hf = 426.2. 

TLC: Rf = 0.70, silica gel, dichloromethane. 

20 

Example 16 

Ethvl S-amino-2-methvlthio-4-(4-DvridvlVthienor23-£/lDvrimidine-6-ca rboxvlate 
Cyclization of S-methylisothiourea sulfate (139 mg), 4.pyridinecarboxaldehyde (191 jil) 
and ethyl cyanoacetate (112 jil), treatment of the product with POCI3 and subsequent 
25 reaction with ethyl 2-mercaptoacetate were performed according to the methods 
described in example 1 . 
Yield: 29 mg. 

MS-ESI: [M+H]^ = 347.2. 

TLC: Rf = 0.54, silica gel, dichloromethane. 

30 

Example 17 

Ethvl 5>amino-2-methvIthiO'4-r2-Pvridv]Vthieno[2.3-^p\Timidine>6-carboxvlate 
Cyclization of 5-methylisothiourea sulfate (139 mg), 2-pyridinecarboxaldehyde (190 ^1) 
and ethyl cyanoacetate (112 |il), treatment of the product with POCI3 and subsequent 
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reaction with ethyl 2-mercaptoacetate were performed according to the methods 
described in example 1 . 
Yield: 73 mg. 

MS-ESl: [M+Hr = 347.2. 
5 TLC: Rf = 0.50, silica gel, dichloromethane. 

Example 18 

Ethvl 5-amino>2-methvlthio-4-(2-thienvlVthie nor2.3-flnD\Timidine>6-carboxvlate 
Cyclization of S-methylisothiourea sulfate (139 mg), thiophene-2-carboxaldehyde (189 
10 and ethyl cyanoacetate (1 12 |il), treatment of the product with POCI3 and subsequent 
reaction with ethyl 2-mercaptoacetate were performed according to the methods 
described in example 1 . 
Yield: 106 mg. 

MS-ESI: [M+Hr = 381.2. 
15 TLC: Rf=0.67, silica gel, dichloromethane. 

Example 19 

Ethvl 5-aminn-2.4-diphenvl-thienor23>i:/]p\Timidin e-6-carboxvlate 
Cyclization of benzamidine.HCl (156 mg), benzaldehyde (203 ^l) and ethyl 
20 cyanoacetate (117 ^1), treatment of the product with POCI3 and subsequent reaction with 
ethyl 2-mercaptoacetate were performed according to the methods described in example 
1. 

Yield: 101 mg. 

MS-ESI: [M+Hf = 376.2. 
25 TLC: Rf = 0.60, silica gel, dichloromethane. 

Example 20 

Ethvl 5-amino-2-phenvl-(3-thicnvlVthienor23 -^pvrimidine^6-carboxylate 
Cyclization of benzamidine.HCl (156 mg), thiophene-3-carboxaldehyde (183 jil) and 
30 ethyl cyanoacetate (117 treatment of the product with POCI3 and subsequent 
reaction with ethyl 2-mercaptoacetate were performed according to the methods 
described in example 1 . 
Yield: 203 mg. 

MS-ESI: [M+H] • = 382.0. 
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TLC: Rf = 0.65, silica gel, dichloromethane. 
Example 21 

Ethvl S-amino-4>(3-fiirvlV2-phenvl-thienof2,3'gnDvrimidine-6-carboxvlate 
5 Cyclizalion of benzamidincHCl (156 mg), 3-furaldehyde (129 ^l) and ethyl 
cyanoacetate (117 |il), treatment of the product with POCI3 and subsequent reaction with 
ethyl 2-mercaptoacetate were performed according to the methods described in example 
1. 

Yield: 157 mg. 
10 MS-ESI: [M+Hr = 366.2. 

TLC: Rf = 0.55, silica gel, dichloromethane. 

Example 22 

Ethvl 5-amino-4-(3-methoxvphenvlV2-phenvl>thienor2.3-t/lpvrimidi ne-6-carboxvlate 
15 Cyclization of benzamidine.HCl (157 mg), 3-methoxybenzaIdehyde (243 ^il) and ethyl 
cyanoacetate (112 ^il), treatment of the product with POCI3 and subsequent reaction with 
ethyl 2-mercaptoacetate were performed according to the methods described in example 
1. 

Yield: 164 mg. 
20 MS-ESI: [M+H]* = 406.2. 

TLC: Rf = 0.66, silica gel, dichloromethane. 

Example 23 

Ethvl 5-amino-2-f4-chlorophenvn-4-phenvl-thienof23-^pvrimidine-6 >carboxvlate 
25 Cyclization of 4-chlorobenzamidine (772 mg), benzaldehyde (1.0 ml) and ethyl 

cyanoacetate (1.07 ml), treatment of the product with POCI3 and subsequent reaction 

with ethyl 2-mercaptoacetate were performed according to the methods described in 

example 1 . 

Yield: 300 mg. 
30 MS-ESI: [M+Hf = 410.0. 

TLC: Rf = 0.77, silica gel, dichloromethane/heptane = 3/1 v/v. 
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Example 24 

Ethvl S-amino-4-phenvl«2-f2-thienvn-thienof2,3'^pvrimidine-6-carboxvlate 
Cyclization of 2-amidinothiophene.HCl (162 mg), benzaldehyde (203 and ethyl 
cyanoacetate (117 treatment of the product with POCI3 and subsequent reaction with 
5 ethyl 2-mercaptoacetate were performed according to the methods described in example 
1. 

Yield: 159 mg. 

MS-ESI: [M+H]^ = 382.0. 

TLC: Rf = 0.80, silica gel, dichloromethane. 

10 

Example 25 

Ethvl 5-amino-2-(2>thienvl)-4-(3'thienvn-thieno[2.3>(/|pvrimidine-6"Carboxvlate 
Cyclization of 2-amidinothiophene.HCl (162 mg), thiophene-2-carboxaldehyde (183 |il) 
and ethyl cyanoacetate (117 |il), treatment of the product with POCI3 and subsequent 
15 reaction with ethyl 2-mercaptoacetate were performed according to the methods 
described in example 1 . 
Yield: 139 mg. 

MS-ESI: [M+H]^ = 388.2. 

TLC: Rf = 0.60, silica gel, dichloromethane. 

20 

Example 26 

Ethvl 5-amino-4-(3'furvlV2>(2-thienvlVthieno[23-6nDvrimidinc>6*carboxvlate 
Cyclization of 2-amidinothiophene,HCl (162 mg), 3-fiiraldehyde (129 jil) and ethyl 
cyanoacetate (117 jil), treatment of the product with POCI3 and subsequent reaction w^ith 
25 ethyl 2-mercaptoacetate were performed according to the methods described in example 
1. 

Yield: 131 mg. 

MS-ESI: [M+H]* = 372.0. 

TLC: Rf = 0.90, silica gel, dichloromethane. 
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Example 27 

Ethvl 5-amino-4>(3-methox\T>henvlV2-f2-thienvlVthienor23-c/lpvrimidine-6-carbox> 
vlate 

Cyclization of 2-amidinoihiophene.HCl (162 mg), 3-niethoxybenzaldehyde (243 ^1) and 
5 ethyl cyanoaceiate (112 ^1), treatment of the product with POCI3 and subsequent 
reaction with ethyl 2-mercaptoacetate were performed according to the methods 
described in example 1 . 
Yield: 186 mg. 

MS-ESI: [M+Hf = 412.2. 
10 TLC: Rf = 0.6 K silica gel, dichloromethane. 

Example 28 

Ethvl 5-amino-4-Dhenvl-2-(4-pvridvlVthienor2.3'(^pvrimidine-6-ca rboxvlate 
Cyclization of 4-amidinopyridine.HCl (157 mg), benzaldehyde (203 jil) and ethyl 
1 5 cyanoacetate (117 ^1), treatment of the product with POCI3 and subsequent reaction with 
ethyl 2-mercaptoacetate were performed according to the methods described in example 
1. 

Yield: 121 mg. 

MS-ESI: [M+Hf = 377.2. 
20 TLC: Rf = 0, silica gel, dichloromethane. 

Example 29 

Ethvl 5>amino-2>(4-D\TidvlM-(3>thienvlVthienor2.3>(/lpvrimidine--6->c arboxvlate 
Cyclization of 4-amidinopyridine.HCl (157 mg), thiophene-3-carboxaldehyde (183 jil) 
25 and ethyl cyanoacetate (117 ^1), treatment of the product v^th POCI3 and subsequent 
reaction with ethyl 2-mercaptoacetate were performed according to the methods 
described in example 1 . 
Yield: 12mg. 

MS-ESI: [M+Hr = 283.0. 
30 TLC: Rf = 0.85, silica gel, dichloromethane. 
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Example 30 

Ethvl 5-aminO'4>f3-fiirvn'2-f4>p\TidvlVthienor2.3-(/lp\Timidine-6-carboxvlate 
Cyclization of 4-amidinopyridine.HCI (157 mg), 3-fiiraldehyde (129 ^1) and ethyl 
cyanoacetate (117 treatment of the product with POCI3 and subsequent reaction with 
5 ethyl 2-mercaptoacetate were performed according to the methods described in example 
1. 

Yield: 51 mg. 

MS-ESI: [M+H]^ = 367.0. 

TLC: Rf = 0.05, silica gel, dichloromethane. 

10 

Example 31 

Ethvl 5-amino-4-f3-methox\T)henvlV2-f4-pvridv]Vthieno[2.3-Jlpvrimidine-6'Carbox- 
vlate 

Cyclization of 4-amidinopyridine.HCl (157 mg), 3-methoxybenzaldehyde (243 ^il) and 
15 ethyl cyanoacetate (112 ^1), treatment of the product with POCI3 and subsequent 
reaction with ethyl 2-mercaptoacetate were performed according to the methods 
described in example 1 . 
Yield: 153 mg. 

MS-ESI: [M+H]^ = 407.2. 
20 TLC: Rf = 0.42, silica gel, dichloromethane/jmethanol 95/5 v/v. 

Example 32 

Ethvl 5-amino-2-methvlamino-4-phenvl-thieno[2.3'^pvrimidine-6-carboxvlate 
Cyclization of 1 -methylguanidine.HCl (110 mg), benzaldehyde (203 jil) and ethyl 
25 cyanoacetate (117 jil), treatment of the product with POCI3 and subsequent reaction with 
ethyl 2-mercaptoacetate were performed according to the methods described in example 

1. 

Yield: 48 mg. 

MS-ESI: [M+H]* = 329.2. 
30 TLC: Rf = 0.85, silica gel, dichloromethane/methanol 95/5 v/v. 
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Example 33 

Ethvl S-amino-2>methvlthiO'4-phenvl-thienor23-<y]p\Timidine-6-carboxvlate 
Cyclization of 5-methylisothiourea sulfate (8.35 g), benzaldehyde (12,2 ml) and ethyl 
cyanoacetate (6.70 ml), treatment of the product mth POCI3 and subsequent reaction 
5 with ethyl 2-mercaptoacetate were performed according to the methods described in 
example 1 . 
Yield: 7.98 g. 

MS-ESI: [M+Hf = 346.2. 

TLC: Rf = 0.92, silica gel, dichloromethane 

10 

Example 34 

5-Amino-2'methvlthio-4-phenvl-thienof2.3-<^pvrimidine-6-carboxvlic acid 

Lithium hydroxide (923 mg) was added to a stirred solution of 760 mg ethyl 5-amino-2- 

methylthio-4-phenyl-thieno[2,3-<|pyrimidine-6-carboxylate (see example 33) in 

15 dioxane/water = 9/1 (v/v) and the mixture was heated at 80^C for 24 h. The reaction 
mixture was poured into water and extracted with ethyl acetate at pH 2. The organic 
layer was washed with water and brine and dried over sodium sulfate. The filtrate was 
evaporated to dryness. 
Yield: 766 mg. 

20 MS-ESI: [M+H]* = 3 1 8.0. 

TLC: Rf = 0.49, silica gel, dichloromethane/methanol = 9/1 v/v. 



Example 35 

Phenyl 5-aniino-2-methvlthio-4-phenvl-thienof2.3-^Dvrimidine-6-carboxvlate 
25 To a stirred solution of 40 mg 5-amino-2-methylthio-4-phenyl-thieno[2,3-t/]pyrimidine- 
6-carboxylic acid, which was synthesized via the method described in example 34, in 
dichloromethane (2 ml) was added A^,A^-diisopropylethylamine (100 ^1), phenol (13 mg) 
and bromotripyrrolidinophosphonium hexafluorophosphate (79 mg). After 20 h water (2 
ml) was added and the mixture was vigorously stirred and subsequently filtered over a 
30 PE-filter. The organic phase was concentrated in vacuo and the residue was 
chromatographed on silicagel (Isolute, 2 g) in dichloromethane as eluent. 
Yield: 16 mg. 

MS-ESI: [M+H]* = 394.2. 

TLC: Rf = 0.32, silica gel, dichloromethane. 



35 
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Example 36 

A7-BuUd 5-aminO'2-methvlthio-4'Phenvl-thieno[23-<^pvrimidine-6-carboxvlate 
Eslerification of 5-amino-2-methylthio-4-phenyl-thieno[2,3-^pyrimidine-6-carboxylic 
acid (40 mg) with w-butanol (13 jxl) was accomplished according to the procedure 
5 described in example 35. The residue was chromatographed on silicagel (Isolule, 2 g) in 
dichloromethane as eiuent. 
Yield: 7mg. 

MS-ESI: [M+H]^ = 374.2. 

TLC: Rf = 0.66, silica gel, dichloromethane. 

10 

Example 37 

Cvclohexvl 5-amino>2-methvlthio-4-phenvl-thieno[2.3-^p\Timid ine-6-carboxvlate 
Esterification of 5-amino-2-methylthio-4-phenyl-thieno[2,3-iflpyrimidine-6-carboxylic 
acid (40 mg) with cyclohexanol (14 |il) was accomplished according to the procedure 
15 described in example 35. The residue was chromatographed on silicagel (Isolute, 2 g) in 
dichloromethane as eiuent. 
Yield: 14 mg. 

MS-ESI: [M+H]^ = 400.2. 

TLC : Rf = 0.66, silica gel, dichloromethane. 

20 

Example 38 

Benzvl 5-amino-2-methvlthio>4-phenvl'thienor2,3-t/lmTimidine>6-c arboxvlate 
Esterification of 5-amino-2-methylthio-4-phenyl-thieno[2,3-<|p)Timidine-6-carboxylic 
acid (40 mg) with benzylalcohol (14 ^il) was accomplished according to the procedure 
25 described in example 35. The residue was chromatographed on silicagel (Isolute, 2 g) in 
dichloromethane as eiuent. 
Yield: lOmg. 

MS-ESI: [M+Hf = 408.2. 

TLC: Rf = 0.66, silica gel, dichloromethane. 
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Example 39 

3- BromO'2-/?>iTiethvl- 1 -propyl 5-amino-2-methvlthio-4-phenvUthienof 2.3-^D\Timidine* 
6-carboxvlate 

Esterification of 5-amino-2-methylthio-4-phenyl-thieno[23-^p>Timidine-6-carboxylic 
5 acid (40 mg) with 3-bromo-2-/?-methylpropan-l-ol (14 was accomplished according 
to the procedure described in example 35. The residue was chromatographed on silicagel 
(Isolute, 2 g) in dichloromethane as eluent. 
Yield: 5 mg. 

MS-ESI: [M+H]^ = 454.2. 
10 TLC: Rf = 0,66, silica gel, dichloromethane. 

Example 40 

4- Methoxvphenvl 5-amino-2-methvlthio-4-phenvl-thieno[2.3-^p\Timidine-6-carboX' 
ylate 

15 Esterification of 5-amino-2-methylthio-4-phenyl-thieno[2,3-^/]pyrimidine-6-carboxylic 
acid (40 mg) with 4-methoxyphenol (17 mg) was accomplished according to the 
procedure described in example 35. The residue was chromatographed on silicagel 
(Isolute, 2 g) in heptane/dichloromethane 1/1 (v/v) as eluent. 
Yield: 26 mg. 

20 MS-ESI: [M+H]^ = 424.2. 

TLC: Rf = 0.64, silica gel, dichloromethane. 



Example 41 

3'Methoxyphenvl 5-amino-2-methylthio-4-phenvl-thienor2.3-t/)pvrimidine-6-carbox- 
25 ylate 

Esterification of 5-amino-2-methylthio-4-phenyl-thieno[2,3-f/]pyrimidine-6-carboxylic 
acid (40 mg) with 3-methoxyphenol (17 mg) was accomplished according to the 
procedure described in example 35. The residue was chromatographed on silicagel 
(Isolute, 2 g) in heptane/dichloromethane 1/1 (v/v) as eluent. 
30 Yield: 29 mg. 

MS-ESI: [M+H]* = 424.2. 

TLC: Rf = 0.60, silica gel, dichloromethane. 
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Example 42 

2-Methoxvphenvl 5>amino-2-rnethvlthio-4-phenvl-thieno[2.3-flnp\Tirnidine-6>carbox- 
vlate 

Esterification of 5-amino-2-methylthio-4-phenyl4hieno[2J-^/]p>Timidine-6-carboxylic 
5 acid (40 mg) with 2-meihox>'phenol (17 mg) was accomplished according to the 
procedure described in example 35. The residue was chromatographed on silicagel 
(Isolute, 2 g) in heptane/dichloromethane 1/1 (v/v) as eluent. 
Yield: 19 mg. 

MS-ESI: [M+Hf = 424.2. 
10 TLC: Rf= 0.60, silicagel, dichloromethane. 

Example 43 

2.3- Dimethox\phenvl 5-amino-2'methvlthio-4-phenvl-thieno[23-t/lpvrimidine-6-car- 
boxvlate 

15 Esterification of 5-amino-2-methylthio-4-phenyl-thieno[2,3-i/lpyrimidine-6-carboxyhc 
acid (40 mg) with 2,3-dimethoxyphenol (21 mg) was accomplished according to the 
procedure described in example 35. The residue was chromatographed on silicagel 
(Isolute, 2 g) in heptane/dichloromethane 1/1 (v/v) as eluent. 
Yield: 12 mg, 

20 MS-ESI: [M+H]* = 454.2. 

TLC: Rf = 0.36, silica gel, dichloromethane. 

Example 44 

2.4- Dimethox\T>henvl S-amino-2-methvlthio-4-phenvl-thienof23-</)pvrimidine-6-carbo- 
25 xvlate 

Esterification of 5 -amino-2-methylthio-4-phenyl-thieno [2 ,3 -i/lpyrimidine-6-carboxylic 
acid (40 mg) with 2,4-dimethoxyphenol (21 mg) was accomplished according to the 
procedure described in example 35. The residue was chromatographed on silicagel 
(Isolute, 2 g) in heptane/dichloromethane 1/1 (v/v) as eluent. 
30 Yield: 20 mg. 

MS-ESI: [M+Hr = 454.4. 

TLC: Rf = 0.38, silica gel, dichloromethane. 
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Example 45 

3,5-Dimethoxvphenvl 5>aminO'2-rnethvlthio>4-phenvl-thieno[2.3-^p\Timidine'6-carbo- 
xvlate 

Esterification of 5-amino-2-methylthio-4-phenyi-thieno[2J-rf]p>Timidine-6-c^^ 
5 acid (40 mg) with 3,5-diinethox>'phenol (21 mg) was accomplished according to the 
procedure described in example 35. The residue was chromatographed on silicagel 
(Isolute, 2 g) in heptane/dichloromethane 1/1 (v/v) as eluenl. 
Yield: 18mg. 

MS-ESI: [M+Hf = 454.2. 
10 TLC: Rf = 0.60, silica gel, dichloromethane. 

Example 46 

Isopropvl 5>amino-2-methvlthio-4>phenvl«thienor2.3-c/]Dvrimidine-6-carboxvlate 
Esterification of 5-aniino-2-methylthio-4-phenyl-thieno[2,3-^p\Timidine-6-carboxylic 
15 acid (40 mg) with 2-propanol (10 |il) was accomplished according to the procedure 
described in example 35. The residue was chromatographed on silicagel (Isolute, 2 g) in 
heptane/dichloromethane 1/1 (v/v) as eluent. 
Yield: 12 mg. 

MS-ESI: [M+Hf = 360.2. 
20 TLC: Rf= 0.66, silica gel, dichloromethane. 



Example 47 

2-Thienvlmethvl 5>amino>2-methvlthio-4-phenvl-thienor2,3-^mTimidine-6-carboxvlate 
Esterification of 5-amino-2-methylthio-4-phenyl-thieno[2,3-t/|p>Timidine-6-carboxylic 
25 acid (40 mg) with 2-thiophenemethanoI (17 ^1) was accomplished according to the 
procedure described in example 35. The residue was chromatographed on silicagel 
(Isolute, 2 g) in heptane/dichloromethane 1/1 (v/v) as eluent. 
Yield: 18mg. 

MS-ESI: [M+Hr = 414.2. 
30 TLC: Rf = 0.74, silica gel, dichloromethane. 
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Example 48 

3-Thienvlmethvl 5>amino-2-methvlthio-4-phenvl-thienof23-c/|pNTimidine-6-carboxvlate 
Esterification of 5-amino-2-meihylthio-4-phenyl-thieno[2,3-^/]p\Timidine-6-carboxylic 
acid (40 mg) with 3-thiophenemethanol (15 mg) was accomplished according to the 
5 procedure described in example 35. The residue was chromatographed on silicagel 
(Isolute, 2 g) in heptane/dichloromethane 1/1 (v/v) as eluent. 
Yield: 12 mg. 

MS-ESI: [M+H]* = 414.2. 

TLC: Rf = 0.74, silica gel, dichloromethane. 

10 

Example 49 

2-Adamantvlmethvl 5-amino-2-methvlthio-4>phenvl-thienor2.3-^p\Timidine-6-carbo- 
xvlate 

Esterification of 5-amino-2-methylthio-4-phenyl-thieno[2,3-<|p>Timidine-6-carboxylic 
15 acid (40 mg) with 1 -adamantanemethanol (22 mg) was accomplished according to the 
procedure described in example 35. The residue was chromatographed on silicagel 
(Isolute, 2 g) in heptane/dichloromethane 1/1 (v/v) as eluent. 
Yield: 15mg. 

MS-ESI: [M+H]^ = 466.2. 
20 TLC: Rf = 0.81 , silica gel, dichloromethane. 

Example 50 

2-A^P\Trolidino-l-ethvl 5-amino-2-methvlthio-4-phcnvl-thieno[2.3-g/lp\Timidine-6-car- 
box vl ate 

25 To a stirred solution of 40 mg 5-amino-2-methylthio-4-phenyl-thieno[2,3-£3Gpyrimidine- 
6-carboxylic acid, which was synthesized via the method described in example 34, in 
dichloromethane (2 ml) was added A^,A^-diisopropylethylamine (40 ^il), l-(2- 
hydroxyethyl)pyrrolidine (20 ^il) and 0-(benzotriazo^^yl)-^;iV,A^',-/V - 
tetramethyluronium tetrafluoroborate (40 mg). After 20 h the solvent was evaporated 

30 and the residue was chromatographed on silicagel (Isolute, 2 g) in 
heptane/dichloromethane = 1 00/0 (v/v) => 0/100 (v/v) as eluent. 
Yield: 13 mg. 

MS-ESl: [M+Hr = 415.0. 

TLC: Rf = 0.07, silica gel, dichloromethane/methanol = 98/2 v/v. 

35 
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Example 51 

IsoproDvl 5-amino-4-(3-methox\T)henvn-2-phenvl-thienor2>3-J)p\Timidine-6>carbox- 
vlate 

Ethyl 5-amino-4<3-methoxyphenyl)-2-phenyl-thieno[23-<|pyrimidine-6-carboxylate 
(see example 22) was first hydrolyzed to the corresponding acid (52 mg) using the 
method described in example 34 and subsequently esterified with 2-propanol (12 ^il) to 
the corresponding ester according to example 35. The residue was chromatographed on 
silicagel (Isolute, 2 g) in heptane/dichloromethane 1/1 (v/v) as eluent. 
Yield: 18mg. 

MS-ESI: [M+Hf = 420.2. 

TLC: Rf = 0.66, silica gel, dichloromethane. 



Example 52 

Phenyl 5>amino-4-r3>methoxYphenvlV2"Phenvl-thieno[2,3-^Pvrimidine-6>carboxvlate 
Esterification of 5-amino-4-(3-methox>'phenyl)-2-phenyl-thieno[2,3-iflpyrimidine-6- 
carboxylic acid (52 mg) with phenol (15 mg) was accomplished according to the 
procedures described in example 51. The residue was chromatographed on silicagel 
(Isolute, 2 g) in heptane/dichloromethane 1/1 (v/v) as eluent. 
Yield: 36 mg. 

MS-ESI: [M+Hf = 454.4. 

TLC: Rf = 0.73, silica gel, dichloromethane. 



Example 53 

Isopropvl 5-amino-2-(2-thienvn-4-f3-thienvlVthieno[2.3-</lPvrimidine-6-carboxvlate 
Ethyl 5-amino-2-(2-thienyl)-4-(3-thienyl)-thieno[2,3-(flpyrimidine-6-carboxylate (see 
example 25) was first hydrolyzed to the corresponding acid (45 mg) using the methods 
described in example 34 and subsequently esterified with 2-propanol (11 |il) to the 
corresponding ester according to example 35. The residue was chromatographed on 
silicagel (Isolute, 2 g) in heptane/dichloromethane 1/1 (v/v) as eluent. 
Yield: 1 1 mg. 

MS-ESI: [M+Hf = 402.2. 

TLC: Rf = 0.66, silica gel, dichloromethane. 
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Example 54 

Phenyl 5-amino-2-(2>thienvl)-4-(34hienvlVthienof2J-(^p\Timidine>6-carboxvlate 
Esterification of 5-amino-2-(2-thienylH-(3-thienyl)-thieno[23-iflpyrimidine-6- 
carboxylic acid (45 mg) with phenol (13 mg) was accomplished according to the 
5 procedures described in example 53. The residue was chromatographed on silicagel 
(Isolute, 2 g) in heptane/dichloromethane 1/1 (v/v) as eluent. 
Yield: 1 3 mg. 

MS-ESI: [M+Hf = 436.4. 

TLC: Rf = 0.73, silica gel, dichloromethane. 

10 

Example 55 

Isopropvl 5-amino-2'methvlthio-4-phenvl-thienor2J-<^p\Timidine-6-carboxamide 
Reaction of 5-amino-2-methylthio-4-phenyl-thieno[2,3-i/lp>Timidine-6-carboxylic acid 
(40 mg) with 2-aminopropane (12 ^1) was accomplished according to the procedure 
15 described in example 35. The residue was chromatographed on silicagel (Isolute, 2 g) in 
dichloromethane as eluent. 
Yield: 7mg. 

MS-ESI: [M+H]^ = 359.2. 

TLC: Rf = 0.23, silica gel, dichloromethane. 

20 

Example 56 

Benz\4 5-amino-2-methvlthio-4-phenvl-thienor2J-^Pvrimidine-6-carboxamide 
Reaction of 5-amino-2-methylthio-4-phenyl-thieno[2,3-^pyrimidine-6-carboxyhc acid 
(40 mg) with benzylamine (15 |il) was accomplished according to the procedure 
25 described in example 35. The residue was chromatographed on silicagel (Isolute, 2 g) in 
dichloromethane as eluent. 
Yield: 32 mg. 

MS-ESI: [M+H]* = 407.2. 

TLC: Rf = 0.24, silica gel, dichloromethane. 

30 

Example 57 

w-Butvl 5-amino-2-methvlthio-4'Phenvl-thienof2.3-</lpvrimidine-6-carboxamide 
Reaction of 5-amino-2-methylthio-4-phenyl-thieno[2,3-»rf]pyrimidine-6-carboxylic acid 
(40 mg) with 1 -aminobutane (13 ^il) was accomplished according to the procedure 
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described in example 35. The residue was chromatographed on silicagel (Isolate, 2 g) in 
dichloromethane as eluent. 
Yield: 18mg. 

MS-ESI: [M+H]^ = 373.2. 

TLC: Rf =0.25, silica gel, dichloromethane. 

Example 58 

Cvclopropvl 5-amino-2-methvlthio-4-phenvl-thienof23-flnpvrimidine-6*carboxamide 
Reaction of 5-amino-2-methyithio-4-phenyl-thieno[2,3-i/lpyrimidine-6-carboxylic acid 
(40 mg) with cyclopropylamine (9 |il) was accomplished according to the procedure 
described in example 35. The residue was chromatographed on silicagel (Isolute, 2 g) in 
dichloromethane as eluent. 
Yield: 9mg. 

MS-ESI: [M+Hf = 357.2. 

ft 

TLC: Rf = 0. 14, silica gel, dichloromethane. 
Example 59 

Cvclohexvl S-aminO"2'methvlthio-4->phenvl"thienof2.3'^pvrimidihe"6-carboxamide 
Reaction of 5-amino-2-methylthio-4-phenyl-thieno[2,3-^pyrimidine-6-carboxylic acid 
(40 mg) with cyclohexylamine (16 ^il) was accomplished according to the procedure 
described in example 35. The residue was chromatographed on silicagel (Isolute, 2 g) in 
dichloromethane as eluent. 
Yield: 1 1 mg. 

MS-ESI: [M+Hf = 399.2. 

TLC: Rf = 0.32, silica gel, dichloromethane. 

Example 60 

4-Methox\benz>l 5-amino-2-methvlthio-4*phenvl-thienof23-flnpvrimidine'6-carbox- 
amide 

Reaction of 5-amino-2-methylthio-4-phenyl-thieno[2,3-fi(Jpyrimidine-6-carboxylic acid 
(40 mg) with 4-methoxyben2ylamine (18 \xl) was accomplished according to the 
procedure described in example 35. The residue was chromatographed on silicagel 
(Isolute, 2 g) in dichloromethane as eluent. 
Yield: 25 mg. 
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MS-ESI: [M+Hf = 437.2. 

TLC: Rf = 0.20, silica gel, dichloromethane. 



Example 61 

5 1 -Naphthvlmethvl 5■a^linO'2'methvlthio-4-phenv^thienof2.3-6^P^Timidine-6-carbox- 
amide 

Reaction of 5-amino-2-methylthio-4-phenyl-thieno[23-i/]pyrimidine-6-carboxylic acid 
(40 mg) with 1 -naphthy Imethylamine (20 ^il) was accomplished according to the 
procedure described in example 35. The residue was chromatographed on silicagel 
10 (Isolute, 2 g) in dichloromethane as eluent. 
Yield: 20 mg. 

MS-ESI: [M+Hf = 457.2. 

TLC: Rf = 0.32, silica gel, dichloromethane. 



15 Example 62 

Phenyl 5'amino-2-methvlthio>4-phenvl-thienor2.3-(/]p\Timidine-6>carboxamide 
Reaction of 5-amino-2-methylthio-4-phenyl-thieno[2,3-^pyrinudine-6-carboxylic acid 
(39 mg) with aniline (909 Kil) was accomplished according to the procedure described in 
example 35. The residue was chromatographed on silicagel (Isolute, 2 g) in 
20 dichloromethane as eluent. 
Yield: 37 mg. 

MS-ESI: [M+Hr = 393.0. 

TLC: Rf = 0.95, silica gel, ethyl acetate/pyridine/acetic acid/water = 363/20/6/11 
v/v/v/v. 

25 

Example 63 

2-Thienvlmethvl 5-amino-2-methvlthio-4>phenvl-thienor23-f/1p \Timidine-6-carbox- 
amide 

Reaction of 5-amino-2-methylthio-4-phenyl-thieno[2,3-^/]p>Timidine-6-carboxylic acid 
30 (40 mg) with 2-thiophenemethylamine(14 jil) was accomplished according to the 
procedure described in example 35 and the crude product was purified by 
chromatography on silicagel (Isolute, 2 g) in heptane/dichloromethane =1/1 (v/v) as 
eluent. 

Yield: 12mg. 
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MS-ESI: [M+Hr = 413.2. 

TLC: Rf = 0.23, silica geL dichloromethane. 



Example 64 

5 1 -Adamantvlmethvl S'amino-2-methvlthio-4-Dhenvl-thienof2.3'c/]pvriniidine-6-carbox- 
amide 

Reaction of 5-amino-2-methylthio-4-phenyl-thieno[2,3-^pyriniidine-6-carboxylic acid 
(40 mg) with 1 -adamantanemethylamine (22 jil) was accomplished according to the 
procedure described in example 35 and the crude product was purified by 
10 chromatography on silicagel (Isolute, 2 g) in heptane/dichloromethane = 1/1 (v/v) as 
eluent. 

Yield: 29 mg. 

MS-ESI: [M+H]^ = 465.4. 

TLC: Rf = 0.33, silica gel, dichloromethane. 

15 

Example 65 

w-Heptvl 5'aniino-2-methvlthio-4-Dhenvl-thienof2.3-^pvrimidine-6*carboxamide 
Reaction of 5-amino-2-methylthio-4-phenyl-thieno[2,3-d]pyrimidine-6-carboxylic acid 
(40 mg) with 1 -aminoheptane (25 ^1) was accomplished according to the procedure 
20 described in example 50. The residue was chromatographed on silicagel (Isolute, 2 g) in 
heptane/dichloromethane 1/1 (v/v) as eluent. 
Yield: 37 mg. 

MS-ESI: [M+H]^ = 415.2. 

TLC: Rf = 0.87, silica gel, dichloromethane/methanol = 98/2 v/v. 

25 

Example 66 

3 "PhenvM -propyl 5-amino-2-methvlthio-4>phenvl'thienQr2.3-^p\Timidine-6-carbox- 
amide 

Reaction of 5-amino-2-methylthio-4-phenyl-thieno[2,3-£/|p>Timidine-6-carboxylic acid 
30 (40 mg) with 3-phenyM -propylamine (24 jil) was accomplished according to the 
procedure described in example 50. The residue was chromatographed on silicagel 
(Isolute, 2 g) in heptane/dichloromethane 1/1 (v/v) as eluent. 
Yield: 32 mg. 

MS-ESI: [M+Hf = 435.2. 
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TLC: Rf = 0.83. silica gel, dichloromethane/methanol = 98/2 v/v. 
Example 67 

LI -Diethoxv-4'butvl 5-aniino-2-melhvlthio-4-phcnvl-thienor2.3-</lp\Timidine-6-car- 
5 boxamide 

Reaction of 5-amino-2-me%lthio-4-phenyl-thieno[2,3-flGpyrimidine-6-carboxylic acid 
(40 mg) wth 4,4-diethoxybutylaniine (30 ^1) was accomplished according to the 
procedure described in example 50. The residue was chromatographed on silicagel 
(Isolute, 2 g) in heptane/dichloromethane 1/1 (v/v) as eluent. 
10 Yield: 47 mg. 

MS-ESI: [M+Hr = 461.2. 

TLC: Rf = 0.38, silica gel, dichloromethane/methanol = 98/2 v/v. 
Example 68 

15 GRVM'l-BenzvL3-p\Trolidinvlamino 5-amino-2-methvlthio>4-p henvLthienor23- 
^pvrimidine'6-carboxamide 

Reaction of 5-amino-2-methylthio-4-phenyl-thieno[2,3-<lp>Timidine-6-carboxylic acid 
(40 mg) with (3/f)-(-)-l-benzyl-3-aminopyrrolidine (29 |il) was accomplished according 
to the procedure described in example 50. The residue was chromatographed on silicagel 
20 (Isolute, 2 g) in heptane/dichloromethane 1/1 (v/v) as eluent. 
Yield: 50 mg. 

MS-ESI: [M+H]^ = 476.2. 

TLC: Rf = 0.2 1 , sihca gel, dichloromethane/methanol = 98/2 v/v. 
25 Example 69 

3-Methoxvcarbonvl- 1 -propyl 5'amino-2-methvlthio-4-phcnvl-thienor2.3 -^pvrimidine- 
6-carboxamide 

Reaction of 5-amino-2-methylthio-4-phenyI-thieno[2,3-i/]pyrimidine-6-carboxylic acid 
(40 mg) with methyl 4-aminobutyrate (26 mg) was accomplished according to the 
30 procedure described in example 50, The residue was chromatographed on silicagel 
(Isolute, 2 g) in heptane/dichloromethane 1/1 (v/v) as eluent. 
Yield: 39 mg. 

MS-ESI: [M+Hf = 417.0. 

TLC: Rf = 0.46, silica gel, dichloromethane/methanol = 98/2 v/v. 
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Example 70 

Isopropvl 5'amino-4-(3-methox\nphenvlV2'methvlthio-thieno[2.3-^p\Timidine-6-ca^^ 
boxamide 

5 Ethyl 5-amino-4-(3-methoxyphen>1>2-methylthio-thieno[23-c/]pyrimidine-6- 
carboxylate (see example 1) was first hydrolyzed to the corresponding acid (248 mg) 
using the method described in example 34 and subsequently reacted with 2- 
aminopropane (111 nl) to the corresponding amide according to example 50. The title 
compound was purified by chromatography on silicagel in dichloromethane/methanol = 

10 98/2 (v/v) as eluent followed by crystaUisation from ethanol. 
Yield: 147 mg. 

MS-ESI: [M+H]^ = 389.0. 

TLC : Rf = 0. 1 9, silica gel, dichloromethane. 

15 Example 71 

Isopropvl S-amino-4-f3-methoxvDhenvlV2-phenvl-thienor2.3-^pvrimidine-6-carboX' 
amide 

Ethyl 5-amino-4-(3-methoxyphenyl)-2-phenyl-thieno[2,3-^f|pyrimidine-6-carboxylate 
(see example 22) was first hydrol>'zed to the corresponding acid (52 mg) using the 
20 method described in example 34 and subsequently reacted with 2-aminopropane (13 jJ) 
to the corresponding amide according to example 35. The residue was chromatographed 
on silicagel (Isolute, 2 g) in heptane/dichloromethane 1/1 (v/v) as eluent. 
Yield: 12 mg. 

MS-ESI: [M+H]* = 419.4. 
25 TLC : Rf = 0. 1 7, silica gel, dichloromethane. 

Example 72 

Isopropyl S-amino-4>f3-methoxvphenvlV2-f2>thienvn-thienor2.3-^Dvrimidine-6'Car- 
boxamide 

30 Ethyl 5-amino-4-(3-methoxjT>henyl)-2-(2-thienyl)-thieno[2,3-Opyrimidine-6- 
carboxylate (see example 27) was first hydrolyzed to the corresponding acid (464 mg) 
using the method described in example 34 and subsequently reacted with 2- 
aminopropane (190 pil) to the corresponding amide according to example 50. The title 
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compound was chromatographed on silicagel in dichloromethane/methanol = 98/2 (v/v) 
as eluent. 
Yield: 332 mg. 

MS-ESI: [M+Hf = 425.2. 
5 TLC: Rf = 0.23, silica gel, dichloromethane. 

Example 73 

Isopropvl 5-aminO'2-(2-thienvlM'(3'thienvlVthienof2.3-(/)p\Timidine'6-carboxainide 
Ethyl 5-amino-2-(2-thienyl)-4-(3-thienyl)-thieno[2,3-c/]pyrimidine-6-carboxylate (see 

10 example 25) was first hydrolyzed to the corresponding acid (753 mg) using the method 
described in example 34 and subsequently reacted with 2-aminopropane (326 ^1) to the 
corresponding amide according to example 50. The title compound was 
chromatographed on silicagel in dichloromethane/methanol = 98/2 (v/v). 
Yield: 646 mg. 

15 MS-ESI: [M+H]* = 401.2. 

TLC: Rf = 0.29, silica gel, dichloromethane. 

Example 74 

Ethvl 5'amino-7-methvl-2-methvlthio-4-phenvl-pvrrolor23-<anpvrimidine-6-carboxvlate 
20 (aV 5-Cvano-6-(ethoxvcarbonvlmethvn(methvnamino-2-methvlthio>4>phenvlpvrimidine 
A mixture of sodium bicarbonate (160 mg) and ethyl A^-methylglycinate.HCl (438 mg) 
in ethanol was heated under reflux. After 2 h 6-chloro-5-cyano-2-methylthio-4- 
phenylpjTimidine (100 mg, see example lb) was added and the reaction mixture was 
refluxed for another 2.5 h. The solids were removed by filtration after which the product 
25 crystallized fi*om the filtrate. 
Yield: 65 mg. 

MS-ESI: [M+H]^ = 343.2. 

TLC: Rf = 0.52, silica gel, dichloromethane. 

30 (bV Ethvl 5-amino-7-methvl»2-methvlthio*4-phenvl-pvrrolof2J-<i]pvrimidine"6-carbox- 
vlate 

Sodium ethoxide (1.4N, 52 nl) was added to a stirred solution of 5-cyano-6- 
(ethoxycarbonylmethyl)(methyl)amino-2-methylthio-4-phenylp>Timidine in dry ethanol 
(1 ml). After 3 h at 60^C the mixture was cooled to O^C in an ice bath and the solids 
35 were collected by filtration and dried in vacuo. 
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Yield: 40 mg 

MS-ESI: [M+Hr = 343.2. 

TLC: Rf = 0.53, silica gel, dichloromethane. 

5 Example 75 

Ethvl 5-amino-7-benz\^l"2-rnethvlthiO'4-Dhenvl-pvrrolo[2.3-^p\Timidine'6-carboxvlate 
Condensation of 6-chloro-5-cyano-2-methylthio-4-phenylp>Timidine (100 mg) with 
ethyl A^-benz>^lglycinate (0.45 ml) and subsequent cyclisation of purified 5-cyano-6-A^- 
(ethyl A^-benz>'lglycinate)-2-methylthio-4-phenylaminopyrimidine (chromatographed on 
10 silicagel in heptane/dichloromethane = 1/3 (v/v) => 1/0 (v/v)) to the end product was 
performed according to the procedures described in example 74. 
Yield: 75 mg. 

MS-ESI: [M+Hf = 419.2. 

TLC: Rf = 0.78, silica gel, dichloromethane. 

15 

Example 76 

Ethvl S>amino-2-methvlthio-4-G«phenoxvphenvlVthienor2.3-c/lDvrimidine-6-carbox- 
vlate 

Cyclization of iS-methylisothiourea sulfate (139 mg), 3-phenoxybenzaldehyde (397 mg) 
20 and ethyl cyanoacetate (112 |il), treatment of the product with POCI3 and subsequent 
reaction with ethyl 2-mercaptoacetate were performed according to the methods 
described in example 1. The title compound was purified by chromatography on 
silicagel in heptane/ethyl acetate = 100/0 (v/v) => 80/20 (v/v) as eluent. 
Yield: 7.0 mg. 
25 MS-ESI: [M+Hr = 438.0. 

TLC : Rf = 0.6 1 , silica gel, dichloromethane 

Example 77 

Ethvl 5'aminQ-4-(3>y?'butox\7?henvlV2-methvlthio-thienor2,3-flnpvrimidine-6-carbox- 
30 vlate 



fa). 3"W»Butoxvbenzaldehvde 

Diethyl azodicarboxylate (3.31 ml) was added dropwise to a cooled (O^C) solution of 3- 
hydroxybenzaldehyde (2.44 g), w-butanol (1.83 ml) and triphenylphosphine (5.51 g) in 
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teuahydrofuran. After stirring at r.t. for 4 a solution of 2N sodium hydroxide (150 ml) 
was added and stirring was continued for 20 min. The reaction mixture was extracted 
with dichloromethane (150 ml). The organic layer was washed vAxh water, 1% citric 
acid, water and brine, dried over sodium sulfate and concentrated in vacuo. To the crude 
5 product ethyl acetate (3 x 25 ml) was added and the solids were removed by filtration. 
The residue vi^as chromatographed on silicagel in heptane/ethyl acetate = 100/0 (v/v) => 
60/40 (v/v) as eluent. 
Yield: 1.64 g. 

MS-ESI: [M+Hr= 179.2. 
10 TLC: Rf = 0.80, silica gel, heptane/ethyl acetate = 1/1 v/v. 

(b). Ethvl 5-amino-4-G-/7-butoxvDhenvlV2-methvlthio>thienof2.3-t/lDvrimidine-6- 
carboxvlate 

Cyclization of 5-methylisothiourea sulfate (139 mg), 3-w-butoxybenzaldehyde (357 mg) 
15 and ethyl cyanoacetate (112 ^il), treatment of the product with POCI3 and subsequent 

reaction wth ethyl 2-mercaptoacetate were performed according to the methods 

described in example 1. The title compoimd was purified by chromathography on 

silicagel in heptane/ethyl acetate = 100/0 (v/v) => 80/20 (v/v) as eluent and 

crystallisation from ethanol. 
20 Yield: 78 mg. 

MS-ESI: [M+Hr = 418.0. 

TLC: Rf = 0.61 , silica gel, dichloromethane. 

Example 78 

25 Ethvl 4-0-f2-acetoxvethoxvlphenvn-5-amino>2-methvlthio4hienof23>^p\Timidine>6- 
carboxvlate 

(a). 3-(2-Acetoxvethoxv)benzaldehvde 

A catalytic amount of iV,A/^-dimethylaminopyridine was added to a stirred solution of 3- 
30 (2-hydroxyethoxy)benzaldehyde (1 .66 g) in acetic anhydride (9 ml) and pyridine (3 ml). 
After 2 h the reaction mixture was concentrated in vacuo, the residue was dissolved in 
ethyl acetate and washed vnth 0.5N hydrochloric acid, water, 5% sodium bicarbonate, 
water and brine, dried over sodium sulfate and evaporated to dryness. 
Yield: 2.16g. 
35 MS-ESI: [M+H]^ = 209.2. 

TLC: Rf = 0.60, silica gel, heptane/ethyl acetate = 1/1 v/v. 
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(b). Ethvl 4-(3-r2-acetoxvethoxvlphenvlVS-amino-2-methvlthio-thienof2.3-(/l- pvr- 
imidine'6>carboxvlate 

Cyclization of 5-methylisothiourea sulfate (139 mg), 3-(2-acetoxyethoxy)benzaldehyde 
5 (357 mg) and ethyl cyanoacetate (112 treatment of the product with POCI3 and 
subsequent reaction with ethyl 2-mercaptoacetate were performed according to the 
methods described in example 1. Reacetylation of the crude product (acetic 
anhydride/p>Tidine = 3/1 (v/v), 4 h), concentration of the mixture and subsequent 
purification by chromatography on silicagel in dichloromethane yielded the title 
1 0 compound. 
Yield: 6.0 mg. 

MS-ESl: [M+Hr = 448.5. 

TLC: Rf = 0.66, silica gel, dichloromethane/methanol = 98/2 v/v. 
15 Example 79 

Ethvl 5-amino-2-methvlthio-4>f3-w-octvloxvphenvlVthienor23-<anpvrimidine-6-carbox- 
vlate 



(2l\ S-fa-Octvloxv'^benzaldehvde 

20 3-Hydroxybenzaldehyde (977 mg), 1 -chlorooctane (1.35 ml) and cesium carbonate (3.9 
g) were stirred in dioxane at 80°C. After 60 h the reaction mixture was cooled to r.t., the 
solids were removed by filtration and washed with dichloromethane. The combined 
filtrates were concentrated in vacuo, dissolved in ethyl acetate and washed vnlh water 
and brine, dried over sodium sulfate, evaporated to dryness and purified by 

25 chromatography on silicagel in dichloromethane/methanol =1 00/0 (v/v) => 98/2 (v/v). 
Yield: 338 mg. 

MS-ESl: [M+H]^ =235.2. 

TLC: Rf = 0.95, silica gel, dichloromethane/methanol = 95/5 v/v. 

30 (b). Ethvl 5"amino-2-methvlthio-4'(3'/7-ocnioxM3henvn-thienor2.3-f/l- pvrimidine-6- 
carboxvlate 

Cyclization of S-methylisothiourea sulfate (139 mg), 3-n-octyloxybenzaldehyde (338 
mg) and ethyl cyanoacetate (112 fil), treatment of the product with POCI3 and 
subsequent reaction with ethyl 2-mercaptoacetate were performed according to the 
35 methods described in example 1. The pure title compound was obtained after 
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chromatography on silicagel in dichloromethane/methanol = 100/0 (v/v) => 90/10 (v/v) 
as eluent. 
Yield: 12 mg, 

MS-ESI: [M+H]^ = 474.2. 
5 TLC: Rf = 0.65, silica gel, dichloromethane. 

Example 80 

Ethyl 5'amino-4-(3-f2-A-ben20v]aminoethoxvlphenvlV2-methvlthio-thienof2.3-^Dvr- 
imidine-6-carboxvlate 

10 Cyclization of 5-methylisothiourea sulfate (278 mg), 3-(2-A^- 
benzoylaminoethoxy)benzaldehyde (538 mg, synthesized from 3-hydroxybenzaldehyde 
(977 mg) and A^-(2-chloroethyI)benzamide (1.47 g) via the procedure described in 
example 79a) and ethyl cyanoacetate (224 nl), treatment of the product with POCI3 and 
subsequent reaction with ethyl 2-mercaptoacetate were performed according to the 

15 methods described in example 1. The pure title compound was obtained after 
chromatography on silicagel in dichloromethane/ethyl acetate = 100/0 (v/v) => 80/20 
(v/v) as eluent. 
Yield: 3.9 mg. 

MS-ESI: [M+H]* = 509.2. 
20 TLC: Rf = 0.68, silica gel, dichloromethane/methanol = 95/5 v/v. 

Example 81 

Ethvl 5-amino-4-f3«(2-fS-methvl-2>phenvlimidazoM'vnethoxvlphenvlV2-methvlthio- 
thienof2J"6flpvrimidine-6-carboxvlate 

25 

(a). 4-Hvdroxvmethvl-5-methvl-2-phenvlimidazole.HCl 

2,3-Butanedione (30 ml) and a solution of sodium acetate (33 g) in water (80 ml) were 
added to a solution of benzamidine.HCl (66 g) in water (300 ml) at 0**C. After 1.5 h the 
solids were filtered off, washed with water and heated in 4N HCl (750 ml). The resulting 
30 clear solution was cooled in an ice-bath. The crystals were filteredc off, washed with 
water and dried over potassium hydroxide at 50^C. 
Yield: 44 g. 
Mp: 164-166^C. 

35 (b). 4-Chloromethvl-5-methvN2-phenvlimidazole.HCl 
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A solution of thionylchloride (100 ml) in benzene (100 ml) was slowly added to a stirred 
suspension of 4-hydroxymethyl-5-methyl-2-phenylimidazole.HCl (44 g) in benzene (150 
ml). After 2 h diethylether was added and the resulting solids were filtered off, washed 
with diethylether and dried in vacuo. 
5 Yield: 60 g. 

Mp: 200-205''C. 

(c) . 4"Cvanomethvl-5-methvl-2>Dhenvlimida2ole 

A solution of 4-chloromethyl-5-methyl-2-phenylimidazole.HCl (40.5 g) in 
10 dimethylsulfoxide (400 ml) was added to a stirred solution of sodium cyanide (80 g) in 
dimethylsulfoxide (600 ml) over a period of 30 min. After 20 h the solids were filtered 
off, washed with water and dried in vacuo. 
Yield: 14 g. 
Mp: 97-1 OO^C. 

IS 

(d) . 4-Ethoxvcarbonvlmethvl-5-methvl'2"Phenvlimidazole 

Hydrochloric acid in ethanol (35%, 150 ml) was added to 4-cyanomethyl-5-methyl-2- 
phenylimidazole (20.5 g) and heated to reflux temperature. After 1 h the reaction 
mixture was poured into water (400 ml) and NaOH was added (pH>8), followed by 
20 extraction with dichloromethane (3 times). The combined organic layers were dried over 
sodium sulfate and evaporated to dryness in vacuo. 
Yield: 17.3 g. 
Mp: 119-122°C. 

25 (e). 4-Hvdroxvethvl-5-methvl'2-phenvlimidazole 

A solution of 4-ethoxycarbonylmethyl-5-methyl-2-phenylimidazole (19.7 g) in 
tetrahydrofiiran (100 ml) was added dropwise (in 45 min) to lithium aluminium hydride 
(10 g) in tetrahydrofiiran (150 ml). After 2 h refluxing the reaction mixture was allowed 
to stand overnight at r.t. It was cooled in an ice bath and water (40 ml) and 

30 tetrahydrofiiran (50 ml) were added. The solids were filtered off and washed with 
diethylether. 
Yield: 20 g. 
Mp: 164.167°C. 

35 (0- 4>ChloroethvUS-methvl-2-Dhenvlimida2ole.HCl 
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A solution of thionylchloride (50 ml) in benzene (50 ml) was slowly added (1 h) to a 
stirred suspension of 4-hydr6xyethyl-5-melhyI-2-phenyliniidazole (20 g) in benzene 
(250 ml) at 70^C. After 1.5 h the reaction mixture was concentrated in vacuo, dissolved 
in water (500 ml) and washed with diethylether. The pH was adjusted to >8 with 

5 ammonia and the mixture was extracted with diethylether (2 times). The combined 
organic layers were dried over sodium sulfate and evaporated in vacuo. The resulting oil 
was dissolved in ethanol. Hydrochloric acid in ethanol (35%, 2 ml) and diethylether 
were added, the solids were collected by filtration and recrystallized from ethanol. 
Yield: 7.5 g. 

10 Mp: 188-190**C. 

(g). Ethvl 5-amino-4-f3-(2-r5-methvl-2-phenvlimidazol'4-vnethoxv}phenvn-2-methvl' 
thio-thieno[2>3-</lp\Timidine-6-carboxvlate 

Gyclization of S-methylisothiourea sulfate (139 mg), 3-{2-[5-methyl-2-phenylimidazol- 
15 4-yl]ethoxy}benzaldehyde (496 mg, synthesized from 3-hydroxybenzaldehyde (489 mg) 
and 4-chloroethyl-5-methyl-2-phenylimidazole (1,03 g) via the procedure described in 
example 79a) and ethyl cyanoacetate (112 |il), treatment of the product with POCI3 and 
subsequent reaction with ethyl 2-mercaptoacetate were performed according to the 
methods described in example 1. The pure title compound was obtained after 
20 chromathography on silicagel in dichloromethane/ethyl acetate = 100/0 (v/v) => 70/30 
(v/v) as eluent. 
Yield: 9.2 mg. 

MS-ESI: [M+H]^ = 546.2. 

TLC: Rf = 0.43, silica gel, dichloromethane/methanol = 95/5 v/v. 

25 

Example 82 

Ethvl S-aminO'2-methvlthio-4-f342-A^-morDholinoethoxvlphenvl)-thieno|^2.3-J]pvr- 
imidine-6-carboxylate 

Cyclization of S-methylisothiourea sulfate (209 mg), 3-(2-A^- 
30 morpholinoethoxybenzaldehyde (705 mg, s>'nthesi2ed from 3-hydroxybenzaldehyde 
(1.17 g) and A^-(2-chloroethyl)morphoIine (1.44 g) via the procedure described in 
example 79a) and ethyl cyanoacetate (168 ^il), treatment of the product with POCI3 and 
subsequent reaction with ethyl 2-mercaptoacetate were performed according to the 
methods described in example 1 . 
35 Yield: 35.2 mg. 

MS-ESI: [M+H]'' = 475.2. 
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TLC: Rf = 0.55, silica gel, dichloromethane/methanol = 95/5 v/v. 



Example 83 

Ethvl 5-amino-4-(342<hloroethoxvlphenvlV2-methvlthio-thienor2J>^D\Timidine-6- 
5 carboxvlate 

Cyclization of 5-methylisothiourea sulfate (209 mg), 3-(2-hydroxyelhoxy)benzaldehyde 
(499 mg) and ethyl cyanoacetate (168 ^1), treatment of the product with POCb and 
subsequent reaction with ethyl 2-mercaptoacetate were performed according to the 
methods described in example 1. The pure title compound was obtained after 
10 chromatography on silicagel in dichloromethane as eluent. 
Yield: 1.7 mg. 
MS-ESI: [M+Hf = 424.0. 
TLC: Rr= 0.45, silica gel, dichloromethane. 

15 Example 84 

Ethvl 5-amino-2-methvlthio-4-(3-r2- lethvloxvcarbonvlmethvlthiol ethoxvlphenvlV 
thienof2,3-^Pvrimidine-6-carboxvlate 

Cyclization of S-methylisothiourea sulfate (209 mg), 3-(2-hydroxyethoxy)ben2aldehyde 

(499 mg) and ethyl cyanoacetate (168 ^il), treatment of the product with POCI3 and 
20 subsequent reaction with ethyl 2-mercaptoacetate were performed according to the 

methods described in example 1. The pure title compotmd was obtained after 

chromatography on silicagel in dichloromethane as eluent. 

Yield: 2.8 mg. 

MS-ESI: [M+H]^ = 508.2. 
25 TLC : Rf = 0. 1 4, silica gel, dichloromethane. 

Example 85 

Ethvl 5-hvdroxv-2-methvlthio-4-phenvl-thienor23«^Pvrimidine-6-carboxvlate 

30 (a). 5-ethvlQxvcarbonvl'2-methvlthio-4-phenvM,5-dihvdro-6-oxopvrimidine 

A mixture of 5-methyhsothiourea sulfate (418 mg), benzaldehyde (320 jil), diethyl 
malonate (478 ^il) and potassium carbonate (435 mg) in abs. ethanol (5 ml) was stirred 
at 50°C for 4 h. The reaction mixture was evaporated to dryness, the residue was 
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dissolved in ethyl acetate and washed with 0.5N hydrochloric acid, water, 5% sodium 
bicarbonate, water and brine, dried over sodium sulfate and evaporated to dr>Tiess. 
Yield: 546 mg. 
MS-ESI: [M+Hf = 293.2. 
5 TLC: Rf = 0.63, silica gel. dichloromethane/methanol 95/5 v/v. 

(b) . 5-ethvloxvcarbonvl-2-methvlthio-4'phenvl-6-oxop\Timidine 

A mixture of 5-ethyloxycarbonyl-2-methylthio-4-phenyl-4,5-dihydro-6-oxopyrimidine 
(273 mg) and 2,3-dichloro-5,6-dicyano-l,4-benzoquinone (200 mg) in isopropanol (5 

10 ml) was stirred for 16 h. The reaction mixture was evaporated to dryness, the residue 
was dissolved in dichloromethane and stirred with 5% sodium thiosulfate for 5 min. The 
organic layer was washed with 5% sodium bicarbonate and water (2x), dried over 
sodium sulfate and evaporated to dryness. The pure title compound was obtained after 
chromatography on silicagel in dichloromethane/methanol 98/2 (v/v) as eluent. 

15 Yield: 63 mg. 

MS-ESI: [M+Hr = 291.2. 

TLC: Rf = 0.50, silica gel, dichloromethane/methanol 95/5 v/v. 

(c) , Ethvl 5-hvdroxv-2-methvlthio-4>phenvl-thienof23-^pvrimidine'6-carboxvlate 

20 Treatment of 5-ethyloxycarbonyl-2-methylthio-4-phenyl-6-oxopyrimidine (63 mg) with 
POCI3 (304 ^il) and subsequent reaction of the product with ethyl 2-mercaptoacetate 
were performed according to the methods described in example 1. The pure title 
compound was obtained after chromatography on silicagel in heptane/ethyl acetate 
100/0 => 60/40 (v/v) as eluent. 

25 Yield: 48 mg. 

MS-ESI: [M+H]* = 347.2. 

TLC: Rf = 0.72, silica gel, dichloromethane. 

Example 86 

30 Ethvl 3"amino-4.6'diphenvl-thienor23-&1pvridine-2-carboxvlate 

Aldol condensation of acetophenone (2.33 ml) and benzaldehyde (2.24 ml), cyclisation 
of the a,p-unsaturated ketone with 2-cyanothioacetamide and subsequent reaction with 
ethyl 2-chloroacetate were performed according to the methods described in Phaimazie 
44:639-640(1989). 

35 Yield: 65 mg. 

MS-ESI: [M+H]^ = 375.0. 
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TLC : Rf = 0.6. silica gel, dichloromethane. 
Example 87 

Ethvl 3-amino-6-naphthvM-phenvl'thienof2>3'61p\Tidine-2<arboxvlate 
5 Aldol condensation of 2-acetonaphthone (1.70 g) and benzaldehyde (1.12 ml), 

cyclisation of the a,P-unsaturated ketone with 2-cyanothioacetamide and subsequent 

reaction with ethyl 2-chloroacetate were performed according to the methods described 

in example 86. 

Yield: 1,05 g. 
10 MS-ESI: [M+Hf = 425.2. 

TLC: Rf = 0.75, silica gel, dichloromethane. 

Example 88 

Ethvl 3-amino-4-phenvl'6-(2>thienvn-thienof2,3-61pvridine-2-carboxvlate 
15 Aldol condensation of 2-acetylthiophene (1.08 ml) and benzaldehyde (1.12 ml), 

cyclisation of the a,p-unsaturated ketone with 2-cyanothioacetamide and subsequent 

reaction with ethyl 2-chloroacetate were performed according to the methods described 

in example 86. 

Yield: 767 mg. 
20 MS-ESI: [M+Hf = 381.2. 

TLC : Rf = 0.70, silica gel, dichloromethane. 



Example 89 

Ethvl 3-amino-6-naphthvI-4-f2-thienvlVthienor2,3-6lDvridine-2-carboxvlate 
25 Aldol condensation of 2-acetonaphthone (1.70 g) and 2-thiophenecarboxaldehyde (1.03 

ml), cyclisation of the a,P-unsaturated ketone with 2-cyanothioacetamide and 

subsequent reaction with ethyl 2-chloroacetate were perfomied according to the methods 

described in example 86. 

Yield: 1.58 g. 
30 MS-ESI: [M+Hf = 431.2. 

TLC : Rf = 0.75, silica gel, dichloromethane. 
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Example 90 

Ethvl 3-amino-6>phenvl-4-(2-thienvn-thienof23-fc1pvridine-2-carboxvlate 
Aldol condensation of aceiophenone (1.17 ml) and 2-thiophenecarboxaldehyde (1.03 
ml), cyclisation of the a.p-unsaturated ketone with 2-cyanothioacetamide and 
5 subsequent reaction with ethyl 2-chIoroacetate were performed according to the methods 
described in example 86. 
Yield: 1.04 g. 

MS-ESI: [M+Hf = 381.2. 

TLC: Rf = 0.70, silica gel, dichloromethane. 

10 

Example 91 

Ethvl 3-amino-6-(2-fur\^lV4>r2-thienvlVthienof2.3-^lpvTidine-2-carbGxvlate 
Aldol condensation of 2-furaldehyde (1.01 g) and 2-thiophenecarboxaldehyde (1.03 ml), 
cyclisation of the a,P-unsarurated ketone with 2-cyanothioacetamide and subsequent 
15 reaction with ethyl 2-chloroacetate were performed according to the methods described 
in example 86. 
Yield: 443 mg, 
MS-ESI: [M+Hr = 371.2. 
TLC: Rf = 0.55, silica geL dichloromethane. 

20 

Example 92 

Ethvl 3-amino-4,6-di-f2-thienvlVthienor23-fclpvridine-2-carboxvlate 
Aldol condensation of 2-acetylthiophene (1,08 ml) and 2-thiophenecarboxaldehyde 
(1.03 ml), cyclisation of the a,P-unsaturated ketone with 2-cyanothioacetamide and 
25 subsequent reaction wdth ethyl 2-chloroacetate were performed according to the methods 
described in example 86. 
Yield: 1.04 g. 

MS-ESI: [M+H]* = 387.0. 

TLC: Rf = 0.76, silica gel, dichloromethane. 

30 

Example 93 

Ethvl 3-amino-4-(3-methoxvphenvn-6-Dhenvl-thieno[2.3-61pvrid ine-2-carboxvlate 
Aldol condensation of acetophenone (1.17 ml) and 3-methoxybenzaldehyde (1.4 ml), 
cyclisation of the a,p-unsaturated ketone with 2-cyanothioacetamide and subsequent 
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reaction with ethyl 2-chIoroacetate were perfonned according to the methods described 
in example 86. 
Yield: 1 64 mg. 
MS-ESI: [M+Hf = 405.2. 
5 TLC: Rf = 0.65, silica gel, dichloromethane. 



Example 94 

3-Amino-2-ben20vl>4.6-diphenvl"thienor23-fe1mTidine 

Aldol condensation of acetophenone (2.33 ml) and benzaldehyde (2,24 ml), cyclisation 
10 of the a,p-unsaturated ketone with 2-cyanothioacetamide and subsequent reaction with 
2-chloroacetophenone were performed according to the methods described in example 
86. 

Yield: 57 mg. 

MS-ESI: [M+H]'' = 407.4. 
15 TLC: Rf = 0.65, silica gel, dichloromethane. 



Example 95 

3-Amino-2-benzovl-6-naphthvl-4-phenvl-thienor2.3-Z>'|mTidine 

Aldol condensation of 2-acetonaphthone (1.70 g) and benzaldehyde (1.12 ml), 
20 cyclisation of the a,P-unsaturated ketone with 2-cyanothioacetamide and subsequent 
reaction with 2-chloroacetophenone were perfonned according to the methods described 
in example 86. 
Yield: 50 mg. 

MS-ESI: [M+H]^ = 457.2. 
25 TLC: Rf = 0.69, silica gel, dichloromethane. 



Example 96 

3-Amino-2-benzovl-4-phenvl>6-(2-thienvn-thienof23-61p\Tidine 
Aldol condensation of 2-acetylthiophene (1.08 ml) and benzaldehyde (1.12 ml), 
30 cyclisation of the ct,p-unsaturated ketone with 2-cyanothioacetamide and subsequent 
reaction with 2-chloroacetophenone were perfonned according to the methods described 
in example 86. 
Yield: 57 mg. 

MS-ESI: [M+Hr = 413.2. 
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TLC: Rf = 0.69, silica gel, dichloromethane. 
Example 97 

3-Amino>2-benzovl-6-naDhthvl'4'(2-thienvlVthieno|'2.3"felDvridine 
5 Aldol condensation of 2-acetonaphlhone (1.70 g) and 2-thiophenecarboxaldehyde (1.03 

ml), cyclisation of the a,P-unsaturated ketone with 2-cyanothioacetamide and 

subsequent reaction with 2-chloroacetophenone were performed according to the 

methods described in example 86. 

Yield: 66 mg. 
10 MS-ESI: [M+Hf- 463.0. 

TLC : Rf = 0.67, silica gel, dichloromethane. 

Example 98 

3-Amino-2-ben20vl-6-Dhenvl-4-(2-thienvlVthieno[23>fc1pvridine 
15 Aldol condensation of acetophenone (1.17 ml) and 2-thiophenecarboxaldehyde (1.03 

ml), cyclisation of the a,P-unsaturated ketone with 2-cyanothioacetamide and 

subsequent reaction with 2-chloroacetophenone were performed according to the 

methods described in example 86. 

Yield: 67 mg. 
20 MS-ESI: [M+Hf = 413.2. 

TLC : Rf = 0.7 1 , silica gel, dichloromethane. 

Example 99 

3-Amino-2>benzovl>6>f2-furvn-4-a-thienvlVthienor2,3-61pvridine 
25 Aldol condensation of 2-acetylfuran (1.01 g) and 2-thiophenecarboxaldehyde (1.03 ml), 

cyclisation of the a,P-unsaturated ketone with 2-cyanothioacetamide and subsequent 

reaction with 2-chloroacetophenone were performed according to the methods described 

in example 86. 

Yield: 65 mg. 
30 MS-ESI: [M+Hf = 403.2. 

TLC: Rf = 0.65, silica gel, dichloromethane. 
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Example 100 

3-AminO'2'benzovl-4.6-di-(2-thienvlVthienor2.3-j>1p\Tidine 

Aldol condensation of 2-acetylthiophene (1.08 ml) and 2-thiophenecarboxaldehyde 
(1.03 ml), cyclisation of the a,p-unsaturated ketone with 2-cyanothioacetamide and 
5 subsequent reaction wth 2-chloroacetophenone were performed according to the 
methods described in example 86. 
Yield: 67 mg. 

MS-ESI: [M+Hr = 419.0. 

TLC: Rf = 0.57, silica gel, dichloromethane. 

10 

Example 101 

3-Amino-2-bcnzovl-4-(3-methox\T)henvn-6'phcnvl-thicnor2.3-Z?lpMidine 
Aldol condensation of acetophenone (1.17 ml) and 3-methoxybenzaldehyde (1.4 ml), 
cyclisation of the a,p-\msaturated ketone with 2-cyanothioacetamide and subsequent 
15 reaction with 2-chloroacetophenone were performed according to the methods described 
in example 86. 
Yield: 31 mg. 

MS-ESI: [M+H]^ = 437.2. 

TLC: Rr = 0.57, silica gel, dichloromethane. 

20 

Example 102 

Isopropvl 3-amino-4.6-diphenvl-thienor2.3-felpvridine-2-carboxamide 

(a) . 3>Amino-4.6-diphenvl-thienor2.3-fe1p\Tidine-2-carboxvlic acid 

25 Lithium hydroxide (59 mg) was added to a stirred solution of 53 mg ethyl 3-amino-4,2- 
diphenyl-thieno[2,3-ft]pyridine-2-carboxylate (see example 86) in dioxane/water = 9/1 
(v/v) and the mixture was heated at 80°C for 72 h. The reaction mixture was cooled to 
r.t. and acidified to pH2. The crystals were collected by filtration and dried in vacuo. 
Yield: 33 mg. 

30 MS-ESI: [M+H]^ = 47.2. 

TLC: Rf = 0.05, silica gel, dichloromethane/methanol 97/3 v/v. 

(b) . Isopropvl 3-amino-4.6-diphenvl-thienor23-61pvridine-2-carboxamide 

To a stirred solution of 3-amino-4,6-diphenyl-thieno[2,3-*]pyridine-2-carboxylic acid 
35 (33 mg) in dichloromethane was added A^,Af-diisopropylethylamine (36 jil). 
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isopropylamine (12 jil) and 0-(benzotriazol- 1 -yiyNJ^J^^ VV '-tetramethyluronium 
tetrafluoroborale (33 mg). After 16 h the solvent was evaporated and the residue was 
chromatographed on silicagel in dichloromethane as eluent. 
Yield: 21 mg. 
5 MS-ESI: [M+Hf = 388.2. 

TLC: Rf = 0.6, silica gel, dichloromethane/methanol 97/3 v/v. 



Example 103 

Isopropvl 3-amino-6-naphthvl«4-phenvl*thienor2.3-&lpvridine-2-carboxamide 
10 Ethyl 3-aniino-6-naphthyl-4-phenyl-thieno[2,3-6]pyridine"2-carboxylate (see example 

87) was first hydrolyzed to the corresponding acid (50 mg) and subsequently reacted 
with isopropylamine (16 |il) to the corresponding amide using the methods described in 
example 102. 

Yield: 1 7 mg. 
15 MS-ESI: [M+Hr = 438.2. 

TLC: Rf = 0.6, silica gel, dichloromethane/methanol 97/3 v/v. 

Example 104 

IsoproDvl 3-amino^-phenvl-6-f2-thienvlVthienor23-j?lpv ridine>2-carboxamide 
20 Ethyl 3-amino-4-phenyl-6-(2-thienyl)-thieno[2,3-6]p>Tidine-2-carboxylate (see example 

88) was first hydrolyzed to the corresponding acid (50 mg) and subsequently reacted 
with isopropylamine (18 ^il) to the corresponding amide using the methods described in 
example 102. 

Yield: 6 mg. 
25 MS-ESI: [M+H]^ = 394.2. 

TLC : Rf = 0.6, silica gel, dichloromethane/methanol 97/3 v/v. 



Example 105 

Isopropvl 3>amino-6-naphthvl-4-f2-thienvlVthienor2,3-61pvridine -2-carboxamide 
30 Ethyl 3-amino-6-naphthyl-4-(2-thienyl)-thieno[2,3-6]pyridine-2-carboxylate (see 
example 89) was first hydrolyzed to the corresponding acid (50 mg) and subsequently 
reacted with isopropylamine (16 \xl) to the corresponding amide using the methods 
described in example 102. 
Yield: 16mg. 
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MS-ESI: [M+H]* = 444.2. 

TLC: Rf = 0.6, silica gel, dichloromethane/methanol 97/3 v/v. 



Example 106 

5 Isopropvl 3-amino-6-phenvl-4-(2-thienvn-thieno[2.3-felDvridine>2-carboxamide 

Ethyl 3-amino-6-phenyl-4-(2-thienyl)-thieno[2,3-6]p>Tidine-2-carboxylate (see example 
90) was first hydrolyzed to the corresponding acid (50 mg) and subsequently reacted 
with isopropylamine (18 ^1) to the corresponding amide using the methods described in 
example 102. 

10 Yield: 16 mg. 

MS-ESI: [M+H]^ = 394.2. 

TLC: Rf = 0.6, silica gel, dichloromethane/methanol 97/3 v/v. 



Example 107 

15 Isopropvl 3-amino-6-(2-furvlV4-f2-thienvlVthienof2.3-61pvridin e-2>carboxamide 

Ethyl 3-amino-6-(2-ftiryl)-4-(2-thienyl)-thieno[23-*]pyridine-2-carboxyl^^^ (see 
example 91) was first hydrolyzed to the corresponding acid (50 mg) and subsequently 
reacted with isopropylamine (18 fil) to the corresponding amide using the methods 
described in example 1 02. 

20 Yield: 7 mg. 

MS-ESI: [M+nr = 384.0. 

TLC: Rf = 0.6, silica gel, dichloromethane/methanol 97/3 v/v. 



Example 108 

25 Isopropvl 3-amino-4.6>di-(2>thienvn-thienor2.3'&1pvridine'2-carboxamide 

Ethyl 3-amino-4,6-di-(2-thienyl)-thieno[2,3-6]pyridine-2-carboxylate (see example 92) 
was first hydrolyzed to the corresponding acid (50 mg) and subsequently reacted with 
isopropylamine (18 to the corresponding amide using the methods described in 
example 102. 

30 Yield: 35 mg. 

MS-ESI: [M+H]* = 400.2. 

TLC: Rf = 0.6, silica gel, dichloromethane/methanol 97/3 v/v. 
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Example 109 

Isopropvl 3-amino-4-G-methox\T3henvlV6-Dhenvl-thienof2J>Mp vridine-2-carboxamide 
Ethyl 3-amino-4-(3-methoxyphenyl)-6-phenyl-thieno[2,3-6]pyridine-2-carbox (see 
example 93) was first hydrolyzed to the corresponding acid (50 mg) and subsequently 
5 reacted with isopropylamine (17 |il) to the corresponding amide using the methods 
described in example 102. 
Yield: 28 mg. 

MS-ESI: [M+Hf = 418.2. 

TLC: Rf = 0.6, silica gel, dichloromethane/methanol 97/3 v/v. 

to 

Example 110 

/gr/>Butvl 3-amino-6>methvlthio-4-(3"methoxvphenvn- thienor2,3-61pvridine-2- 
carboxamide 

15 (aV K 1 >dicvano>2>methvl-2>(3-metho xvphenvlVethene 

A solution of 3'-methoxy-acetophenone (3.46 g) and malonitrile (6.89 ml) in benzene 
(40 ml) was treated with AcOH (2.30 ml) and ammonium acetate (1.50 g) and the 
reaction mixture was heated under azeotropic destination in a Dean-Stark apparatus. 
After 5 h, the reaction mixture was cooled to ambient temperature, diluted with EtOAc, 

20 washed with water and brine, dried (MgS04) and concentrated in vacuo. The residue 
was purified by flash silicagel chromatography using EtOAc/heptane (3/7 v/v) as eluent. 
Yield: 6.4 g. 

MS-ESI: [M+Hr= 199.2. 

TLC: Rf = 0.6, silica gel, EtOAc/heptane 2/3 v/v. 

25 

(h\ LI -Di-(methvlthioV3-(3>methoxvphenvn-4.4-dicvan o-butadiene 
l,l-Dicyano-2-methyl-2-(3-methoxyphenyl)-ethene (example 110a, 6.4 g), carbon 
disulfide (3.85 ml) and methyl iodide (9.9 ml) were added to a previously prepared 
suspension of sodium hydride (60% dispersion in mineral oiL 1 .60 g) in DMF (200 ml). 
30 After 7 h, the reaction mixture was concentrated under reduced pressure, redissolved in 
EtOAc, washed with water and brine, dried (MgS04) and concentrated in vacuo. The 
residue was purified using silica gel chromatography (eluent: EtOAc/heptane 3/7 v/v). 
Yield: 3.92 g. 

MS-ESI: [M+H3^ = 303.1. 
35 TLC: Rf = 0.5, silica gel, EtOAc/heptane 2/3 v/v. 
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(c), 2-Methvlthio-4-(3-methoxvphenvlV5-cvano-p\Tidin-6>one 

A solution of 1 J-di-(niethyIthio)-3-(3-methoxyphenyl)-4,4-dicyano-butadiene (example 
1 10b, 3.92 g) in EtOH (50 ml) was treated with 48% aq. HBr (39 ml) and the solution 
5 was heated under reflux for 3 h. After cooling of the reaction mixture in an ice bath (0 
*^C), the precipitate was filtered off, washed with water and dried under vacuum. 
Yield: 2.4 g. 

MS-ESI: [M+Hf = 273.2. 

TLC: Rf = 0.47, silica gel, CHiCh/MeOH 9/1 v/v. 

10 

(dV /gr/-Butvl 3-amino-6'methvlthio-4-f3'methox\T3henvn-thienof2,3-Mp\Tidine-2- 
carboxamide 

Treatment of 2-methylthio-4-(3-methox>phenyl)-5-cyano-pyridin-6-one (2,4 g, example 
1 10c) with POCI3 and subsequent reaction with ethyl 2-mercaptoacetate were performed 

15 according to the methods described in example 1. The resulting derivative ethyl 3- 
amino-4-(3-methoxyphenyl)-6-methylthio-thieno[2,3-6]pyrimidine-2-carboxylate (2.6 g) 
was first hydrolyzed to the corresponding acid (2.2 g) using the method described in 
example 34 and subsequently reacted with /erf-butyl amine (2 ml) to provide the 
corresponding amide according to example 50. The title compound was purified by 

20 chromatography on silicagel in heptane/EtOAc = 3/1 (v/v) as eluent. 
Yield: 2.11 g. 

MS-ESl: [M+Hr = 402.3. 

TLC: Rf= 0.37, silica gel, heptane/EtOAc = 3/2 (v/v). 

25 Example 111 

/gr/-Butvl 5-amino-2-methvlthio-4'W-benzovl-3-aminophenvlVthienof23- 

</ )pvrimidine-6-carboxamide 

(a). Ethvl 5-amino-2-methvlthio-4-(3>nitrophenvlVthieno(23-^-pvrimidine-6- 
30 carboxvlate 

Cyclization of 5-methylisothiourea sulfate (700 mg), 3-nitrobenzaldehyde (750 mg) and 
ethyl cyanoacetate (560 |il), treatment of the product with POCI3 and subsequent 
reaction with ethyl 2-mercaptoacetate were performed according to the methods 
described in example 1 . The pure title compound was obtained after chromatography on 
35 silicagel in heptane/EtOAc = 3/2 (v/v) as eluent. 
Yield: 780 mg. 
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MS-ESI: [M+Hr = 391.3. 

TLC: Rf =0.35, silica gel, heptane/EtOAc = 3/2 (v/v). 

(b\ /gr/»Butvl 5>amino-2-inethvlthio-4-f3-'aminophenvlVthienof2.3-^'p\Timidine-6- 
5 carboxamide 

Ethyl 5-amino-2"methyllJiio-4-(3-nitrophenyl)-thieno[2,3-<|-p)Timidine-6-carb 
(example Ilia, 780 mg) was dissolved in 10 ml dioxane. Subsequently, 10 ml EtOH 
and tin(II)chloride (1.1 g) were added and the reaction mixture was stirred overnight at 
90 ^C. After concentration of the reaction mixture in vacuo, the residue was redissolved 

10 in EtOAc (50 ml) and washed with 10 ml 4 M NaOH, dried (MgS04) and concentrated 
under reduced pressure. The ethyl ester in the resulting derivative ethyl 5-amino-2- 
methylthio-4-(3-aminophenyl)-thieno[2,3-£/l-pyrimidine-6-carboxylate (558 mg) was 
saponified to the corresponding acid (430 mg) using the method described in example 
34 and subsequently reacted with /er/-butyl amine (200 ^il) to form the corresponding 

15 /er/-butyl amide (according to example 50). The title compound was purified by 
chromatography on silicagel in heptane/EtOAc = 3/1 (v/v) as eluent. 
Yield: 391 mg. 

MS-ESI: [M+H]* = 388.0. 

TLC: Rf = 0.43, silica gel, heptane/EtOAc = 3/2 (v/v). 

20 

(c) terhButy] S->amino-2-methvlthio-4>(A^-benzovl-3-aminop henvlVthienor2.3- 
{/ )pvrimidine"6-carboxamide 

/m-Butyl 5-amino-2-methylthio-4-(3-aminophenyl)-thieno[2,3-^/l-pyrimidine-6- 
carboxamide (example 111b, 391 mg) was dissolved in 10 ml CH2CI2. Subsequently, 

25 A^,//-diisopropylethylamine (600 |il) and benzoyl chloride (210 mg) were added and the 
reaction mixture was stirred for 2 h. The reaction mixture mixture was diluted with 
CH2CI2 (50 ml) and washed with sat aq. NaHCOs- The organic layer was dried 
(MgS04) and concentrated under reduced pressure. The title compound was purified by 
chromatography on silicagel in heptane/EtOAc = 3/1 (v/v) as eluent. 

30 Yield: 348 mg. 

MS-ESI: [M+H]^ = 492.1. 

TLC: Rf = 0.50, silica gel, heptane/EtOAc = 3/2 (v/v). 
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Example 112 

/grNButvl S'amino-2-methvlthio*4-G>methox\T3henvlVthienof23-(/|pvrimidine«6- 
carboxamide 

Ethyl 5-amino-4-(3-methox)TDhenyl)-2-methylthio-thieno[2,3-tf]pyrimidine-6- 
5 carboxylate (see example 1, 400 mg) was first hydrolyzed to the corresponding acid (340 

mg) using the method described in example 34 and subsequently reacted with /er/-butyl 

amine (150 ^l) to give the corresponding amide according to example 50. The title 

compound was purified by chromatography on silicagel in heptane/EtOAc = 3/1 (v/v) as 

eluent. 
10 Yield: 310 mg. 

MS-ESI: [M+H]^ = 403.0. 

TLC: Rf= 0.32, silica gel, heptane/EtOAc = 3/2 (v/v). 

Example 113 

//-Methvl-A^-isopropvl S'amino-2-methvlthio-4-(3-methox\T?henvlVthienof23- 

15 </ )pvrimidine-6-carboxamide 

Ethyl 5-amino-4-(3-methoxyphenyl)-2-methylthio-thieno[2,3-i/lpyrimidine-6- 
carboxylate (see example 1) was first hydrolyzed to the corresponding acid (340 mg) 
using the method described in example 34 and subsequently reacted with iV-methyl-iV- 
isopropyl amine (150 |al) to furnish the corresponding amide according to example 50. 

20 The title compoimd was purified by chromatography on silicagel in heptane/EtOAc = 
3/1 (v/v) as eluent. 
Yield: 271 mg. 

MS-ESI: [M+H]^ = 404.0. 

TLC: Rf = 0.34, silica gel, heptane/EtOAc = 3/2 (v/v). 

25 Example 114 

/er/-Butvl 5-amino>2-ethoxv-4-(3-methoxvphenvlVthieno[2,3-(/lpvrimidine-6- 

carboxamide 

/er/-Butyl 5-amino-2-methylthio-4-(3-methoxyphenyl)-thieno[2,3-<i]pyrimidine-6- 
carboxamide (see example 112, 1.1 g) was dissolved in trifluoroacetic acid (20 ml) and 

30 3-chloroperbenzoic acid (mCPBA, 1 .23 g) was added. After stirring for 2 h, the reaction 
mixture was concentrated in vacuo, redissolved in CH2CI2 (50 ml), washed with aq. sat. 
NaHC03, dried (MgS04) and concentrated under reduced pressure. The residue, 
containing the corresponding 2-methyl sulfoxide, was subsequently dissolved in EtOH 
(10 ml) and KOtBu (1 g) was added. After heating under reflux overnight, the reaction 

35 mixture was acidified with 1 M HCL concentrated in vacuo, redissolved in CH2CI2 (50 
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ml), washed with aq. sat. NaHCOa, dried (MgS04) and concentrated under reduced 
pressure. Purification of the thus obtained oil was effected by chromatography on 
silicagel using heptane/EtOAc = 3/1 (v/v) as eluent. 
Yield: 356 mg. 
5 MS-ESI: [M+Hf = 401 .6. 

TLC: Rf = 0.50, silica gel, heptane/EtOAc = 3/2 (v/v). 

Example 115 

5-Amino>2-(2-thienvlV4-(3-methox\T)henv]V6-(A^>morpholinocarbonvl)thienor23- 
(/ ]p\Timidine 

10 Ethyl 5-amino-4-(3-methoxyphenyl)-2-(2-thienyl)-thieno[2,3-<|p>Timidine-6- 
carboxylate (561 mg, see example 27) was first hydrolyzed to the corresponding acid 
(464 mg) using the method described in example 34 and subsequently reacted with 
morpholine (300 jil) to afford the corresponding amide according to example 50. The 
title compound was chromatographed on silicagel in heptane/EtOAc = 3/2 (v/v) as 

] 5 eluent. 

Yield: 457 mg. 

MS-ESI: [M+Hr = 453.2. 

TLC: Rf = 0. 1 6, silica gel, heptane/EtOAc = 3/2 (v/v). 



20 Example 116 

/gr/-Butvl 5-amino-2-methvlthio-4-(A^-(2-f/gr/-butvlaminoVacetv lV3-aminoDhenvlV 
thieno[2.3-t/lpMimidine'6-carboxamide 

/er/-Butyl 5-amino-2-methylthio-4-(3-aminophenyl)-thieno[2,3-<l-pyrimidine-6- 
carboxamide (example 111b, 195 mg) was dissolved in 5 ml CH2CI2. Subsequently, 

25 AT.A^-diisopropylethylamine (300 jil) and bromoacetyl chloride (120 mg) were added and 
the reaction mixture was stirred for 2 h. The reaction mixture mixture was diluted v^th 
CH2CI2 (20 ml) and washed with sat. aq. NaHCOa. The organic layer was then treated 
with /er/-butyl amine (2 ml). After standing overnight, the reaction mixture was washed 
again with sat. aq. NaHCOs, dried (MgS04) and concentrated in vacuo. Purification of 

30 the residue was accomplished using silica chromatography (eluent: CH2Cl2/MeOH = 1/0 
to 9/1 (v/v)). 
Yield: 155 mg. 

MS-ESI: [M+Hf = 501.2. 

TLC: Rf- 0.64, silica gel, CH2Cl2/MeOH = 9/1 (v/v). 
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Example 117 

tert'Butvl 5-amino-2-methvlthio-4-G-f3-(3-p\Tidvn-proDoxvVDhenvlVthienof2.3- 

</lD\Timidine'6-carboxamide 

5 /er/-Butyl 5-amino-2-methyllhio-4-(3-methoxyphenyl)4hieno[2,3-^(|p>Timidine-^ 
carboxamide (400 mg, example 112) was dissolved in cooled (0 °C) CH2CI2 (10 ml) 
and BBiB (300 ^il) was added drop wise. After stirring overnight at room temperature, the 
reaction mixture was diluted with CH2CI2 (50 ml) and washed with sat. aq. NaHCOa. 
The organic layer was dried (MgS04) and concentrated to near dryness. The remaining 

10 oil was added dropwise to a flask with stirred toluene (50 ml). The thus obtained 
precipitate (360 mg), containing /err-butyl 5-amino-2-methylthio-4-(3-hydroxyphenyl)- 
thieno[2,3-^flpyrimidine-6-carboxamide was filtered off and dried in vacuo. The latter 
derivative was dissolved in THF (10 ml) and PPha (600 mg), 3-(3-pyridyl)-propanol 
(270 mg) and azodicarbonyldipiperidine (ADDP, 600 mg) were added. After stirring 

15 overnight, the reaction mixture was diluted with CH2CI2 (50 ml), washed with sat. aq. 
NaHCOa, dried (MgS04) and purified by silicagel chromatography (eluent: 
CH2Cl2/MeOH = 1/0 to 95/5 (v/v)). 
Yield: 271 mg. 

MS-ESI: [M+H]* = 508.2. 
20 TLC: Rf = 0.56, silica gel, CH2Cl2/MeOH = 96/4 (v/v). 



Example 118 

In vitro test for LH bioactivitv in mouse Levdig cells 

In male mice, the luteinising hormone (LH) induces testosterone production in testicular 
25 Leydig cells. This activity is also displayed by human chorionic gonadotropin (hCG) 
which binds to the same target cell receptor as LH. The in vitro Leydig cell assay (van 
Danmie et al, 1974; modified by Mannaerts et al, 1987) is used to determine the LH 
bioactivity of compounds that bind to the Leydig cell LH receptor which in turn causes 
testosterone production. 
30 For this assay, Leydig cells are isolated fi-om the testes of mature, 9 to 13 weeks old, 
mice (strain: HSD/Cpb: SE, Harlan, The Netherlands). Therefore, mice are killed and 
the testes are quickly removed and decapsulated. Each testis is transferred to a separate 
well of a tissue culture plate containmg 0.75 ml culture medium per well. The contents 
of each well are passed through a 30 cm glass tube (inside diameter 2.5 mm, narrowed 



wo 00/61586 



PCT/EPOO/02865 



- 65 - 

to 1 .2 mm at 4 places in the middle). The suspension obtained is filtered through a 30 
|im nylon mesh and the filtrate is pre-incubated in a 50 ml plastic tube for 30 min. at 37 
^'C in an incubator in a water-saturated atmosphere of 95% air / 5% C02. Following pre- 
incubation the tube is centrifiiged at 1600 N/kg for 5 min and the supernatant is 
5 decanted. The resulting pellet is resuspended in culture medium (0.5 mg original 
testis/ml) and the suspension is kept homogeneous by stirring it ver>' slowly on a 
magnetic stirrer. 

This Leydig cell suspension (100 ^1) is added to the wells of a micotiter plate containing 
50 ix\ reference compound, test compoimd or vehicle (culture medium) per well. As a 

10 reference, LH or hCG in-house standards are used which are calibrated against 
International Reference preparations of human LH or hCG provided by the National 
Institute for Biological Standards and Controls (NIBSC, London, UK). Test and 
reference compounds are dissolved, diluted and assayed in the same culture medium. 
The plates containing reference and test compounds are incubated for 4 h at 37 °C in an 

15 incubator in a water-saturated atmosphere of 95% air / 5% C02. Following incubation, 
plates are sealed and stored at -20 "^C until testosterone measurement. 
Prior to testosterone measurement, the contents of the microtiter plates are thawed at 
room temperature and the plates are centrifiiged at 150 N/kg for 5 min. An aliquot of 30 
|il supernatant of each well is diluted with culture medium (60x) to obtain a suitable 

20 dilution for testosterone measurement. Aliquots (12.5 |il) of each diluted test sample are 
then assayed using a direct testosterone RIA-kit. Results are indicated in Tabel 1 . 

Example 118 

In vivo ovulation induction assay for LH bioactivitv in immature female mice 
25 In female inunature mice which are stimulated with follicle stimulating hormone (FSH), 
ovulation can be induced by luteininzing hormone (LH) or by human chorionic 
gonadotrophin (hCG) which binds to the same LH-receptor on the Graafian follicles. 
Binding to the LH-receptor initiates a biochemical cascade, which eventually results in 
follicular rupture and extrusion of a mature oocyte. To measure the in vivo activity of 
30 LH-agonistic compounds, inunature 20 days old mice (B6D2F1 strain, Broekman 
Institute, the Netherlands) are primed with urinary FSH (Humegon; 12.5 IU/1, 0.1 ml 
S.C.) to initiate foUiculogenesis. Forty-eight hours after FSH treatment test compound, 
reference compoimd or vehicle (10% cremophor solution) are administered to the 
animals. Test compounds (50 mg/kg in 0.1 ml) and vehicle (0.1 ml) are administered 
35 P.O., reference compounds (500 lU /kg hCG in 0.1 ml) are injected s.c. As a reference, 
hCG in-house standards are used which are calibrated against International Reference 
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preparations of human hCG provided by the National Institute for Biological Standards 
and Controls (NIBSC, London, UK). Twenty-four hours after administration of test 
compound, reference compound or vehicle, animals are killed by cervical dislocation. 
The oviducts are dissected and collected in 0.9% NaCl. Next, the oviducts are placed 
5 between two glass plates and examined for the presence or absence of ovulated ova 
tmder a microscope. The number of ovulated ova present in the oviducts is indicative for 
in vivo LH-bioacti vit)', ResuUs are given in Table 1 . 



IS 
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Table 1 



1 Compound 


Leydig 
cell assay 


Mouse in vivo 

ovulation 

induction 

(% ovulating 

animals) 


1 Control p.o. (cremophor 10%) 




0% 


1 Urinary hCG sx, 
(20 lU/kg) 


— 


100% 


/er/-Butyl 5-amino-2-methylthio-4-(^-benzoyl-3- 
aminophenyl)-thieno[2,3-J]pyrimidine-6-carboxainide 
(50 mg/kgp.o.) 


2.8 10'' M 


40% 


rer/-Butyl 5-amino-2-methylthio-4-(3-meihoxyphenyl)- 
thieno[23-^pyriniidine-6-carboxamide (50 mg/kgp.o.) 


4.3 10'^ M 


40% 


A^-Methyl-Af-isopropyl 5-amino-2-methylthio-4-(3- 
methoxyphenyl)-thieno[2,3-^^pyrimidine-6-carboxamide 

(50 me/kg 23.0.) 


8.7 lO"' M 


50% 


/er/-Butyl 5-amino-2-ethoxy-4-(3-methoxyphenyl)- 
thieno[2,3-^(|p>'rimidine-6-carboxaniide (50 mg/kg p.a) 


1.9 10-* M 


30% 


5-Amino-2-(2-thienyl)-4-(3-methoxyphenyl)-6-(A^- 
morpholinocarbonyl) thieno[2,3-t/]pyrimidine (50 mg/kg 
|;7.o.) 


3.1 lO'^M 


20% 


/er/-Butyl 5-amino-2-methylthio-4-(A^-(2-(/er/- 

butylamino)-acetyl>3-aminophenyl)-thieno[2,3- 
f/lpyrimidine-6-carboxamide (50 mg/kg ;?.o.) 


3.2 10"' M 


13% 


/er/-Butyl 5-amino-2-methylthio-4-(3-(3-(3-pyridyl)- 
propoxy)-phenyl)-thieno [2 ,3 -^P>'rimidine-6- 
carboxamide (50 mg/kg /?. o. ) 


1.810-^M 


40% 



wo 00/61586 



PCT/EPO0/0286S 



- 68 - 



Claims 

1. A bicyclic heteroaromatic derivative compound according to general formula I, or 
a pharmaceutically acceptable salt diereof. 




Formula I 



wherein 

is^IR^R^ ORS SR^ orR'; 
R^ and R* are independently selected from H, (l-8C)alkyl, (2-8C)alkenyl, (2- / 
10 SQalkynyl, (3-8C)cycloalkyl, (2-7Qheterocycloalkyl, aliQ^l(l -SQcarbonyl, 

14C)arylcaibonyl, (^MQaiyl or (4-13C)heteroaiyl, or R^ and R* together are 
joined in a (2-7C)hetexocycloalkyl ring; / 
R' is (3-8C)cycloalkyl, (2-7C)heterocycloalkyl, (/-14C)aryl or (4- 

13C)heteroaryU. ^ 
IS R^ is (l-8C)alkyl, (2-8C)alkenyl, (2-8C)alkynyl, or ^-14C)aiyl or (4- 

13C)heteroaryl, both optionally substituted with one or more substituents selected 
from (l-8C)alkyl, (l-8C)alkylthio, (l-8C)(di)alkylamino, (l-8C)aIkoxy, (2- 
8C)alkenyl, or (2-8C)alkynyU 

R^ is (l-8C)aIkyl, (2-8C)alkenyl, (2-8C)alkynyl, (3-8C)cycloalkyl, (2- 
20 7C)heterocycloalkyl, or (^-14C)aiyl or (4-13C)heteroaiyl, both optionally 

substituted with one or more substituents selected from (l-8C)alkyl, (1- 
8C)(di)alkylamino or (l-8C)alkoxy; 

XisS,OorN(R'^; C ^ 

R* is H, (l-8C)alkyl, (l-8C)alkylcarbonyl, (^-14C)arylcarbonyl or (^-14C)aiyl(l- 

25 8C)alkyl; 

YisCHorN; 
Z is NHz or OH; 

A is S, N(H), N(R'), O or a bond; 

R' can be selected from the same groiips as dwcribed for R"; 
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BisN(H), 0. or a bond; 
for use in therapy. 

2. A derivative compound according to claim 1 wherein X is S and/or Z is NH2 for 
use in therapy. 

3. A derivative compound according to claim 1 or 2 wherein X is S, Z is NH2 and 
is (^-14C)aryl or (4-13C)heteroai>l for use in therapy. 

4. A derivative compound according to claims 1-3 wherein B is N or O for use in 
therapy. 

5. A compound according to claims 1-4 wherein B is N for use in therapy. 

6. A compound according to claims 1-5 wherein is isopropyl or tert-butyl for use 
in therapy. 

7. A compound according to claims 1-6 wherein Y = N for use in therapy. 

8. A bicyclic heteroaromatic derivative compound according to general formula H, 
or a phaimaceutically acceptable salt thereof, 



15 




Formula II 



wherein^ 



R^ is (/-14C)aryl or (443C)heteroaryl; ^ 
R^ is (1.8C)alkyl, (2-8C)alkenyl, (2-8C)alkynyl, or ^-14C)aiyl or (4- 
13C)heteroaryl, both optionally substituted with one or more substituents selected 
20 from (1.8C)alkyl, (l-SQalkylthio, (l-8C)alkoxy, (2-8C)alkenyl, or (2- 

8C)alkynyl; 

R^ is (l-8C)alkyl, (2-8C)alkenyl, (2-8C)alkynyl, (3-8C)cycloalkyl, (2- 
7C)heterocycloallcyl, or (2-14C)aiyl or (4-13C)heteroar>a, both optionally 
substituted with one or more substituents selected from (l-8C)alkyl, (1- 
25 8C)(di)alkylamino or (1.8C)alkoxy; 

B isN(H), O, or abend and 
Y = CHorN, 
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with the proviso that the compound is not ethyl 5-ainino-4-phenyl-2- 
ethox>xarbonylmethyltMo-thieno[23-^p>Tiniidiae-6-carboxylate^ methyl 5- 
amino-4-phenyl-2-methylthio-thieno[2,3-d]pyrimidine-6-carboxylate, ethyl 5- 
amino-4-phenyl-2-methylthio-thieno[2,3-<flpyriniidine-6-carboxylate, 6-acetyl-5- 
aniino-4-phenyl-2-(2-oxopropylthio)-thieno[2,3-J]pyrimidine, 5-amino-6* 
benzoyl-4-phenyl-2-phenylcarbonylmethylthio-thieno[2,3-ii]p>Tiniidine or 5- 
amino-6-(4-chloroben2oyI)-4-phenyl-2-[(4-chlorophenyl)carbonylmethylthio]- 
thieno [2,3 -£f|p>'rimidine . 

9. A derivative compound according to claim 8 wherein B is N or O. 

10. A compound according to claim 8 or 9 wherein B is N. 

11. A compound according to claims 8-10 wherein R"^ is isopropyl or tert-butyl. 

12. A compound according to claims 8-1 1 wherein Y ~ N. 

13. A compound according to claims 8-12 wherein = (l-4C)alkyL 

14. A pharmaceutical composition comprising a bicyclic heteroaromatic derivative 
compound according to claims 1-13 or a pharmaceutically acceptable salt or 
solvate thereof , in admixture with a pharmaceutically acceptable auxiUarip^ y 

15. Use of bicyclic heteroaromatic derivative compounds according to anyone of the 
claims 1-13 or a pharmaceutically acceptable salt or solvate thereof for the 
manufacture of a medicament for the control of fertility. 



RECTIFIED SHEET (RULE 91) 



INTERNATIONAL SEARCH REPORT 



tnte and Application No 

PCT/EP 00/02865 



A. CLASSinCATlON OF SUBJECT MATTER ^, .^^^ - 

IPC 7 C070495/04 A61K31/505 C07D487/04 



A61K31/44 



According to tntemaiional Patent aasstfication tiPC) or to botf) national dassification and IPC 



a FIELDS SEARCHED 



Minimum documentation searcneo (classificaeon system foiloweo t>y classdication symtMls) 

IPC 7 C07D A61K 



Oocumeniaiion searcned ooier than mmimum oocunemanon to the extern that such oocumants are irKluded in the tieios searcneo 



Sedrorvc data base coratned duiing the intemaiianal saarcn (name of data base and. where practicat. search temns used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • 



Citation of document, vwth indication, where appropnate. of the relevant passages 



Relevant to claim No. 



BRIEL, D.: "Synthese von 
Thieno-Heterocyclen ausgehend von 
substituierten 

5--Hethyl thi o-thi ophen-4-carbcni tri 1 en . " 
PHARMAZIE, 

vol. 53, no. 4, 1998, pages 227-231, 

XP002112303 

page 228; example 3 

GEIES ET AL: "Synthesis of Thieno 

•2', 3' :4,5!pyrimido*2,l-c!*l,2,4!triazoles 

and Pyrazolylthieno '2,3-d! '4,5-d' ! 

dipyrimidines. " 

J.CHEH.SYNOP, 

vol. 124, 1998, pages 290-291. XP002112499 
cited 1n the application 
See examples la-lc 



1 



1-7 



[ Further documents are listed in the continuation of box C. 



(0 



Patent family members are listed in anrwx. 



' Special categories of cited documents : 

*A' document defining the general state of the art which is not 
considerBd to be of parlKutar relevance 

'E* earlier document but published on or after the international 
filing date 

V document which may ihrow doubts on pnority clatm<8) or 
which is ated to estatxish the publication oate of another 
citation or other special reason (as specified) 

*0* document refentng to an oral disclosure, use, exhibition or 
other means 

'P* document published pnor to the international fBing date but 
later than the priority date claimed 



"T* later document published after the international filirig date 
or phofity date and not in conflict with the application but 
cited to urtderstand the principle or theory undeftyir>g the 
invention 

*X* document of particular relevar^e: the claimed invention 
carmol be coruidered novel or canrwt be cor^sidered to 
irwQtve an inventive step when the document is taken alone 

'Y* document of particular relevance: the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
mertts, such combination being obvious to a person skilled 
in the ait 

"&* document member of the same patent family 



Dale ot the actual completion of the intemaDonaj searcn 



19 June 2000 



Date ol mailing ot the intematianal searoi report 



29/06/2000 



Name and mailing address of ihe )SA 

European Patent Office. P.B. 581 8 Patenttaan 2 
NL -2280HV Rijswijk 
Tel. (♦31-70) 340-2040. Tx. 31 651 eponl. 
Fac('»31-70) 340^16 



Autnonzed officer 



Gettins, H 



Fane PCT/ISAA10 (SMOne ttmmi iJt^y t992t 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



lim lonal Application No 

PCT/EP 00/02865 



1 



C(Cominu«U0O) OOCUMEKTS CONSIOEREO TO BE RELEVANT 



Categoiy' 



Citation ol docunont witn in<lica«on.wtiere apprgpnate. of the retovam passages 

CHEMICAL ABSTRACTS, vol. 125, no. 13, 
.23 September 1996 (1996-09-23) 
Columbus, Ohio, US; 
abstract no. 167905k, 
TUHEVICIUS, S.: "Syntheis of 
3 , 4-di hydro-5H-l-thi a-3 , 5 , 6 , 8-tetr aazaacen 
aphthyl enes." 
page 1155; column 2; 
XP002112305 
abstract 

& KHIM. GETEROTSIKL SOEDIN, 
vol. 1, 1996, pages 103--105, 

TUMKEVICIUS, S.: "A Facile Synthesis of 
5H-l-thi a-3 , 5 , 6 , 8-tetr aazaacenaphthyl enes . 

n 

LIEBIGS.ANN, 

vol. 9, 1995. pages 1703-1705, XP002112304 

See compounds 3a-3d on page 1703. 

SAVED A ET AL: "SYNTHESES OF SOME 
THIENO'2 , 3-d ! PYRIHIDINES" 

SULFUR LETTERS, 

vol. 9, no. 3, 1989, pages 101-108, 
XP002112819 

cited In the application 
page 103; examples 13-18 

UO 97 41126 A (HAYASE YOJI :IMADA TAKASHI 
(JP); FURUYA SHUICHI (JP); SUZUKI NOBUH) 
6 Movember 1997 (1997-11-06) 
claim 1 

UO 97 14697 A (CHOH NOBUO ;FURUYA SHUICHI 
(JP); HARADA MASATAKA (JP); SASAKI SATO) 
24 April 1997 (1997-04-24) 
claim 1 

WO 96 14319 A (SOHDA TAKASHI ;BABA ATSUO 
(JP); MAKING HARUHIKO (JP); TAKEDA CHEMI) 
17 May 1996 (1996-05-17) 
claim 1 

WO 95 28405 A (KATO KOICHI ;CHOH NOBUO 
(JP); FURUYA SHUICHI (JP); HINUMA SHUJI 
(J) 26 October 1995 (1995-10-26) 
claim 1 

WO 93 13664 A (SCHERING AGROCHEMICALS LTD) 
22 July 1993 (1993-07-22) 
claim 1; examples 1,33 



Pom KT1SM10 t cu 'i BMW gi Of : 



mM) \Mt <M2I 



Relavani to daun No. 



1 



1 



1-7 



1-12 



1-12 



1-12 



1 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

I 

ififtNiiutlon on psunt fwnlty mwnDM 



IMa onai AppHeaUen No 

PCT/EP 00/02865 



Patera document 




Publication 




Patent family 




PUilicaiion 


cited in search reooit 




date 




n)enit)er(s) 




date 


UO 9741126 


A 

M 


OA— 1 1>1QQ7 


ALI 
nil 


2406597 


A 


19-11-1997 






LA 


2250895 A 


nfi— 1 1.1 QQ7 
UQ 11 177/ 








TP 

tr 


0900222 


A 


lU^J~iy77 








IP 
ur 


10036373 A 


lU^Jt l770 








us 


6001850 A 


14-12-1999 


UO 9714697 


A 

A 




All 
MU 


7333396 A 


Mr WW 177/ 






ru 
tn 


1200124 


A 


cD 1 1 l770 








rp 
tr 


0862573 A 


U2r~U7— 1770 








IP 

or 


9169767 


A 


^n^HA^I 007 
OU— 00—177/ 








lic 


5744479 A 


CO— 0H-177O 


UO 9614319 


* 

A 


17-05-1990 


All 

AU 


699354 


8 


nLi o.ioofi 

UO— i^— l770 






All 

AU 


3815895 


A 


Jl~UD-l770 








LA 


2202985 


A 


1/— UD-I77O 








EP 


0791000 


A 


27-08-1997 








F! 


971974 


A 


18-06-1997 








Ull 

nU 


77348 


A 


OU U J I77O 








ID 

Jr 


8225577 


A 


UJ— uy-i770 








NO 


972043 


A 


dtD— U0-i77/ 








117 


294933 


A 


^0— UD-i777 








lie 


5747486 

— — 


A 

— 


UO— 05)-l77O 


UO 9528405 


A 


26-10-1995 


All 

AU 


697472 


B 


Uo-lU-l7« 






All 

AU 


2223995 


A 


lU— 1 1-1773 








All 

AU 


713116 


B 


OC_1 1 .10QQ 








All 

AU 


8316998 


A 


UD-ii'iyyo 








DD 
DK 




A 
n 


i**— 1 l~l77D 








r A 
CA 


2186124 


A 


^©•lU-lwD 








Cn 


1146206 


A 


4tO"UO-l77/ 








CZ 


9603028 


A 


1 il_AC— 1 QQ7 
1*|— Ot>-l77/ 








tr 


0756599 


A 


UD— U^*"177/ 








Pi 


964195 


A 


1 7—1 o^^OQ^\ 

l/-l^-l770 








Ull 

HU 


76320 


A 


Ad 007 

to O0-I77/ 








ID 


8295693 


A 


1 9—1 1—1 OQA 
IZ-II-I77O 








MA 

NO 


964434 


A 


1 Q— 1 A— 1 QQA 
lo— lU I77O 








NZ 


283813 


A 


OC— 1 1 -1 OOfl 
CO i l"l770 








Dl 

PL 


316796 


A 


1 7— A9—1 007 
1/— I77/ 








lie 
Uo 


5817819 


A 


AA— 1 A— 1 OOQ 
00 10 I770 








lie 
U5 


6048863 


A 


1 1— AA— 9AAA 
1 1— U*» fcUUU 








All 

AU 


4632796 


A 


97— Afl— 1 00 A 
^/— Uo I77O 








BR 


9600341 


A 


15-09-1998 








CA 


2211969 


A 


15-08-1996 








Ln 


1173868 


A 










EP 


0808317 


A 


26-11-1997 








JP 


9169768 


A 


30-06-1997 








UO 


9624597 


A 


15-08-1996 








TR 


960748 


A 


21-08-1996 


UO 9313664 


A 


22-07-1993 


AU 


3262593 A 


03-08-1993 






CN 


1076697 A 


29-09-1993 





fcm PCT/ISAQiO (tateni tamly annuo (JUy 1 9921 



